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£-SECV>lTASE, ANTIBODIES TO /?■■ SSCRETASE, AND ASSAYS 
FOR DETECTING /3-SECRE 'ASS INHIBITION 

BACKGROUND OF TEK T:?VENTION 
1 • El-zi -G of the Invent ion 

The present invention re I; cv>s generally to the 
cleavage of 6-amyloid precursor protein to produce ^-amyloid 
peptide More particularly, the pre snnt invention relates to 
isolat-M- and purified compositions containing an enzyme 
responsible for such cleavage {/J-secretase) and assays for 
identifying inhibitors of secret a n-e . . 

Alzheimer's disease is characterized by the presence 
of nucio: /us amyloid plaques and neurofibrillary tangles 
(highly -soluble protein aggregate.".) present in the brains of 
Alzhei; - 's disease patients, particularly in those regions 
involved with memory and cognition. ..V- amyloid peptide is a 
major constituent of amyloid plaque >/;ach is produced by 
cleavage of /3-amyloid precursor pro t n . It is presently 
believed that a normal (non-pathoger.ic) processing of the 
0-amyloid precursor protein occurs -ia cleavage by a putative 
"a-secre; ase" which cleaves between amino acids 16 and 17 of 
the /3-aryyloid peptide region within .:.he orotein. It is 
further relieved that pathogenic processing occurs in part via 
a putar.i-2 secretase " which cleaver * t the amino -terminus 
of the £ -amyloid peptide region within the precursor protein. 
Heretofooo, however, the existence :>£ 0-secretase has not been 
conf irrrec". . 

The identification, isolation., and characterization 
of novel biological molecules having unique activities is 
generally useful. For example, novel enzymes can be used to 
catalyzes reactions of a type associated with their class. In 
particulf • , novel proteases can be v:ied to cleave proteins for 
a variety, of purposes, and the avail ihiiity of new proteases 
provide -.mique capabilities. In a:' iition to such uses' 
assccir.r*' 1 with enzymes in general, :.e ident i f icat ion 
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. otion of the Background Art- 
."-amyloid precursor protein 
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SUMMARY OF THE XiiVEl. ' a:. - 
The present invention provide ■■ r.tvel /?-secretase 
compos i:i-., 3 comprising an isolated and purified enzyme which 
cleaves .3- 3 -nyloid precursor protein ( A r. P . ,- the amino- 
terminus :f .fl- amyloid peptide (/SAP) within ;,??, referred to 
hereinaf-r as «0-secretase activity." y hi compositions of 
the pre-..: invention will generally ha,- =: 3-secretase 
activity ,:iich is at least five-fold g;:...rc^' than that of a 
solubili but unenriched membrane fra.-.i;.-. from human 293 
cells, F ,-.,;-3rably being at least ten-fc". 5 jreauer than that of 
the me^r.,.^ fraction, and more prefers:: :.y -ing at least 100- 
fold gren:: ;:; than that of the membrane .: ra : - ion . The 
^-secret s:=- 2 enzyme is characterized by :.) -- apparent 
molecule r -./sight in the range from 2 5 0 io -- 300 kD as 
determined by gel exclusion chromatography. (2) a more 
accurate apparent molecular weight in the range from 60 kD to 
148 kD determined by electrophoresis, (:<; , ; r .at negative 
charge a_ ;>H 5 and a net negative charge? a. SA 7.5, and (4) 
binding ec wheat germ agglutinin. 

'.'he compositions of the present :.:: rent ion are 
generally -useful as proteolytic chemicals =:.d specifically 
useful ir. assays for detecting proteolytic cleavage of APP 
resulting -ox the novel 0-secretase an l d^rmining whether a 
test substance will inhibit such cleavage . The method 
comprises exposing a polypeptide cosiprisinc the /S-secretase 
site of (located at the amino-termim.s .-.£ the 0AP region 

within A?J! to an at least partially pu"::::.ed /3-secretase in 
the presence of the test substance ur.de.: cc r.ditions such that 
the 0-secretase would be expected to c3-.evc the polypeptide 
into an en.ir.o-terminal fragment and a cm br ■••terminal 
fragment ir. the absence of test substance wr..ch inhibits such 
cleavage. Test substances which inhibit svch cleavage may 
then be introduced or exposed to the assay -stem to identify 
which test substances have £-secretase ir.hih-Ltion activity. 
Such test r-sthods preferably employ the f-rccrecase 
composition described above. Generatic.r. c: fragments of APP- 
derived pe < ypepetides is detected, e.g. t : .- antibody 
specific f — the carboxy end of the ami: c terminal fragment or 
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the amino end of the carbon-terminal :o,:, enc . The 
polype, :: I, substrate for the 0-secret.. : „ ay comprise a 
fusion .peptide including £ n amino-. ,r.,.nal portion having 
a bmaar.g epitope. Use of such a fusic polyp, otide as the 0- 
5 secret, substrate facilitates detect; ,n : f cleavage by 
capture c.:: the amino- terminal portion , :! d -.belling of -the 
amino- 1 ; r; -.ir.al portion . 

The compositions will fur the-, comprise threshold 
levels, t^ically at least 10% by weigh,, ,f enzymes which 
10 cleave ,,, „ the /JAP cleavage site a,... which are reactive 
with ar.:.iroriies raised against immunogenic oeotides of 0- 
secreta.e, such as any one or a combinr-.io, of [SEQ ID No.:5], 
[SEQ j.D N:..:53, and [SEQ ID No.:7). 

The present invention still f-rcher provides 
" • * ntibodisE ™* antibody compositions th, t specifically bind to 
0-secre.ace protein. The antibodies m5 , b, oolvcolonal or 
monocolon,!. and may be prepared by imn,. ni ,,tion of a suitable 
host wiur. nr.y of the immunogenic 0-secr -taae ccmoositions 
describe, above. The antibodies may f, ; th.r be orepared 
20 recombinant!-,, may be humanized, or oth rw.- se modified or 

produced in accordance with convention,, methods for antibody 
production. J 

The present invention further provides methods and 
assays ::cr detecting 0-secretase cleava,-e of a polypeptide 
substrate, such as /J-amyloid precursor prorein (APP) or 
synthetic or recombinant analogues thereof. The method 
utilize., a reaction system including jS-r -cretase and the 
polypeptida substrate present in initia) ar.-.ounts. The 
reaction system is maintained under conditions which permit 
the /3-secretase to cleave the polypepti-.^ substrate into 
cleavage products. The /5-secrctase cleave reaction is 
monitored by detecting the amount of at least one of the 0- 
secretase cleavage products, where the amount of cleavage 
product is) will increase over time as th, reaction progresses. 
35 Such methods are particularly useful for screening test 

compouncs ::or the ability to inhibit 0-,„:crsca«e activity 
Test con.po-.nds are introduced to the region .,ystem, and the 
ability of the test compound to inhibit -he S-necretase 
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BRIEF DESCRIPTION OF THZ 
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the expression cf all or a oc 
cjene. The present invention >■ 
ibodies to epitopes on the na 
* -:h are useful for screeninc r 



I LBO; CMENT 

i r.c el protease 

: rec.rsor protein 
If id peptide (£AP) 

e i.-: the putative 
if processing of APP 
. sue!; as Alzheimer's 
v. li-.e. Thus, the 
,f : 11 : -a referred to 
rc tasr. of the present - 
in "itro and in vivo 
us-.. For example, 
:rpt :-o cleave 
5f .. nu-dify, or 
:s::rate . Thus, 

a proteolytic 
;nical reactions and 
: the present 
i the performance of 

inhibitors, i.e. , 

the proteolytic 
*e.:ase. Such assays 
icLticn to the /?- 
.y methods, the 
ombinant nucleic 
•r-.ioi- of /?-secretase 
-p ises , including 
"-oecretase genes, and 
.11 further provide 
• lt-s and compositions, 
tion of the 0- 
11 still further 
i 17 s p-secretase 
d oth~r assays. 



scient : 



'•less defined otherwise , al 
::erms used herein have the ; 



^'.-■hni-al and 

meaning as commonly 
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20 
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unders-- re- 
invent ic n 
or eqi: i . s 
practic . 
methods z\ 
present: 

refers .*..: 
name lz r . t 
that in: 1 
third, 
protein e:< 
tissues . 
currently 
polype pr. i: : 
736. A 7£ 
Ponte e:. -. 
Waturt' .':3:: 
described 
number cf 
having pen 
phenotype . 
Hardy (19 ~ 
particu s .■ 
the ncr::a'. 
695 for;;. * 
directly 
APP, v;h: : .c' 
form. 

a family c 
with a ecrr 
of the t?9: 
process ir: c 
termiriu:-. ; 
that the ' 
for cie^v- 
pathogen i : 



by those of ordinary skill ; 
■ e long s . Al t houg h a ny me hoc 
. ":t to those described here. : 
testing of the present invc 
. materials are described. I 
fjr.tion, the following term? 
i used herein, "3 -amyloid 
polypeptide that is encode-, 
-zed in humans on the long a: 
es a 0AP region (defined be? 

is a glycosylated, single-; 
■ressed in a wide variety o: 
'samples of specific isotyper 
::ov/n to exist in humans are 

described by Kang et al. ■' ] ' 
. --amino acid polypeptide ha:- ; 

. (1938) Nature 331:525-52" 
.523-530. A 770-amino acid ;: : 
Kitaguchi et al . (1988) /7a 
■pecific variants of APP havv 
_ mutations which can differ 
A general review of such mu ! . 
:) iVature Genet. 1 :233-234. 
interest is designated the '\ 
Lys-Met residues at position, 
■e replaced by Asn-I.eu. Thif 
'Stream of the normal £-secr-:- 
occurs between residues 5 9£ 

.s used herein, "/3-amyloid pt . 
.: peptides having lengths fr:, 
non 43 amino acid form compri; 

amino acid isotype of APP. r 

of the APP including cleavac 
:d carboxy- terminus of the rt. 
•secretase of the present in 
ye of APP at the ami no- term i 

processing of APP in human 



the art to which this 
and materials similar 
:an be used in the 
:ion, the preferred 
: purposes of the 
•e defined below. 
-:ursc: protein" (APP) 
y/ a gene of the same 
cf chromosome 21 and 
••) within its carboxyl 
■b rano - spanning 
■ills in many mammalian 
:f APP which are 
le £9 5 -amino acid 
•17) M-.ture 325:733- 
:c.n described by 
\c Ta.izi et al. (1988) 
>type of APP is 
lie 331:530-532. A 
• xlsc been described 
in bo::h position and 
-it ions is provided in 
mutation of 
we dish" mutation where 

5 95 and 596 of the 
mutation is located 
"»s.e cleavage site of 
nd 53 7 of the 695 

■;i;ie n ipAP) refers to 
:a to 4 3 amino acids, 

irg residues 597-640 

>\l is produced by 
a c b o t h the amino - 

:.on. it is believed 

.u. ion is responsible 
of -A? in normal and 
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"5 used herein , :: specif icall - 
precurs-r rotein (APP) at the j3-amyir 
locatic sans chat the 8- secret ase ;:. 
single 1c ~tic:i and only at the site h- 
and 5.07 c nhe 695 isotype . Test for 
enzyme nc /esses such specificity are ' 
Experinv:r 1 section hereinaf tier under 
secre':a.,c; .nhibitor Assays, Assays uzi 
secretane >nd recombinant fusion pepti 
secrecs-e /ill cleave the H3P-C125 SW 
cleavag™ :• te and no other locations. 

• he terms "polypeptide," "pr. 
used in tie: ---hangeably herein to refer t; 
acid resicaes. The terms apply to amir 
which one vr more amino acid residue :. 
analogue c. a corresponding naturally - 
well as t:- naturally occurring amino a- 
"reco::b:.r;' .t protein" and " recombinant 
protein z\:i.t is produced by expression- 
sequence ? .-.coding the amino acid segue: 
a recombinant DNA molecule. 

.'he terms "isolated" "purifi-.. 
pure" refer to material which is at le< 
from and v. -iich is often substantially r 
components which normally accompany ir. 
state. P. ;ity and homogeneity are tyvn 
analycica. chemistry techniques such a: 
electroph: vesis or high performance li: 
protein o: nucleic acid molecule which 
protein oi nucleic acid species preserr 
substantially purified. Generally, an 
nucleic acid molecule will comprise mo: 
macromolecular species present in the r 
Preferably, the protein is purified tc 
90% of all macromolecular species prer;r 
the prouc-i-i is purified to greater tha: 
preferable the protein is purified to 



:?eav-s jS-amyloid 

rep: de cleavage 
.?? at only a 
•■'ran mino acids 596 

-c ^mining whether an 

?r rit .d in the 
hi. he dings /?- 

n\ -a urified /S- 

tubs „rates . 0- 

)j era :e at only the 0- 

ida" .nd "protein" are 
:i pol ler of amino 

acic polymers in 
tin ai ificial chemical 
■;i rri -g amino acid, as 
por-mers. The terms 
±cr -case" refer to a 
: a n icleotide 

2 of .:he protein from 

,; Dr biologically 
t oar.ially separated 
essentially free from 
found in its native 
"illy determined using 
pclv£ :rylamide gel 
i.c chromatography. A 

3 the predominant 
in a /reparation is 
sciatic protein or 

than 60% of all 
epara :ion . 

npres :nt greater than 
X.-re preferably 
V , r.nd most 
icnti'I homogeneity, 
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wherein ; 
convent: ■.■ 

subs t an "i 
immu nog v./ 
bind an;: ■ 
immunogl • 
delta., 
myriad i. 
exisc, • : . 
character 
peptida-,. 
The cer::: 
f ragmen u. 
ant i bod i\ 
methodo \o 
made by :: 

antibody 
character 
particular 
analyte , 

spectrcsn- 
chemicai .-. 
fluoresce:, 
common 1 - 
proteins 
avail ah I . 
radio ■• 1 i' . 
specific : 
generate:-: 
f lucres c -: 
quant it a*: v. 

"iden'ci ' 

the sr.ir.M ■ 
compari n ; ■ 



ler mac romo iecular species -. : 
: Q techniques . 

~he term "antibody" refers - 
-iy encoded by an immunoclcb 
ulin genes, cr fragments th-z 
^cognize an analyte (antigen 
■:lin genes include the kappa 
\lon and mu cons cant region 

moglobulin variable region 
. , as intact immunoglobulins 
::ed fragments products by ci 

This includes; e.g., Fab 
-in ci body, " as used herein, 
either produced by the modif 

cr those synthesized de nc. 
; .es ( and further includes "b 

conventional techniques. 
The t e rm " i mmu n o a s s a y " i s a r. 
? specifically bind an anal-/ 
red by the use oZ specific b 

antibody to isolate, targe; 

A "label" is a composition d 
pic, photochemical, biochemi 
::ans. For example, useful 1 
dyes, electron -dense re ace' 
*sd in an EL ISA) .. biotin, ci 
~-r which ant i sera or monocle: 
:an be made dstectible, e.g. 
b into the peptide, and user: 
ly reactive with the peptide 
measurable signal, such as 
- light or enzyme activity, ■ 

the amount of. bound label. 
An amino acid sequence or a : 
to a reference sequence if 
ben aligned for maximum ccrr; 
v mdow . Op t i m a 1 a I i gnme n z . 



ioz detected by 



a p: 
.i : 



i -mr. 
■ n i s , 
•n -s . 

r a 3 
:3 ;ic 



u -ir 
■a i; 



-a: na 



-ypeptide 
-a or 

bich specifically 

recognized 

a, alpha, gamma, 

as well as the 

Antibodies 
a number of well 
. v/ith various 
so) ' 2 fragments, 
.-ludes antibody 
of whole 
recombinant DNA 
:"' antibodies 

:hat utilizes an 
z immunoassay is 
properties of a 
r quantify the 



. e by 

1 i:'7.unochemical, or 
:e -,s ' r.clude 32 P 
■ s enzymes (e.g., as 
ripen..;, or haptens and 
-.1 an ; -Lbodies are 

by i: -crporating a 

0 defect antibodies 
A label often 

H. ; ic^ :-t ivity, 

1 :h m:: be used to 

- ec:::e sequenceis 
n:.: sequences are 

p nd.nce over a 
■■■uci -rot ide and amine 
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acid =-j.:;ences for aligning comparis 
conduct- ■ by the local homology aigcr 
Watsvr . - (1351) Adv. Appl . Wrth., 2:-\ 
aligr.: . algorithm of Needlernan and : .- 
5 Bid. \ :443, by the search for simi 
and :„-;-:;n { SS3 ) Prcc. hlazl. Acad. Sc. 
comtr :v .: .zed i mp 1 eme r. t a c i -;ns of t he s ^ 
FAST.'-., :d T PASTA in the 'Wisconsin G- 
Rele?.L- ".0, Genetics Computer Group, 
10 Mad i set WI) ( or by inspection. The , 
result: : in the highest percentage c 
coir.par: m window, i.e., 150 or 200 a 
the Vo.'. )us methods selected. The pe 
ider/:i"- is calculated by comparing f 
15 s e qu r. : . •; over the wi nd ov; of c omp :i r i. rs 
number : positions ar. which the iden 
in be::-, sequences to yield the number 
divii_;_ the number of mate-hod posit:- 
of pes: ions in the window of compari. 
20 size) , f.nd multiplying the result by 
perce:.t:-ge of sequence identity. 

An amino acid sequence or a 
" suh s". £ ially identical 1 ' or "subs can 
refer..: - :e sequence if the amino acid 
25 sec.ue has at least 5 0% sequence id 
serjueuc identity, at: least 90% seque 
95V £-!- tence identity or at least 9S : 
the r'r^rence sequence over a compari 
secruet.trS that are identical to each 
30 also substantially identical. An ind 
have srtno acid sequences that are g\; s 
that j: *: peptide is immunologically r 
raise. - : against the second peptide. 7 
subs r. w ".ially identical to a second p 
35 where ; "ie two peptides differ only by 
subst it -tion . An indication that tve 
subset::': ially identical is that the i: 
first tucleotide seouencc encodes is 



•.•inc;w may be 

hm of Smith and 

, by the homology 
:n:sch (1970) J. Mol . 
.r .ty nethod of Pearson 
. , U.S.A. 85:2444, by 

i-rorithms (GAP, BESFIT, 
■: .cs Software Package 

7 Sc ience Dr. , 

s: alignment (i.e., 

h ;mo] ogy over the 
.n ^ acids) generated by 
:e itaoe of sequence 
■ opt:; -.tally aligned 
\ der.srmining the 
Lc=al rmino acid occurs 
-f matched positions, 
•■s by the total number 
t. (i.e., the window 
'■C to yield the 

nucleotide sequence is 
-.ally similar" to a 
:cyaer.r e or nucleotide 
it ity at least 85% 
:e identity, at least 
^cqucrce identity with 
or. wii-dow. Two 
-.l.er rre, of course, 
c;:tio:-- that two peptides 
st.ant:; ally identical is 
active with antibodies 
■is, a polypeptide is 
Lyoeptide, for example, 
; i con: ervative 
dueler tide sequences are 
lyoeptide which the 
T.nunc." ogically cross- 
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react iv 


•e 


"ith the polypeptide c: 


:r.coded :; 






;-icond nucleotide 


sequerjc 




.-mother indication t 


.hat cv;c 


- 


.eoi: 


ice sequences 


are sub 




ntially identical is 


that th„ 






:cleic acid 


molecul 


e r 


hybridize tc each, oth 


,er under 




ring 


rent conditions. 


Stringe 


I: . 


conditions are sequer 


cs depen 


J_ 


: a: 


.d are different 


under d 


* 


erent environmental r 


arameter 




Ger: 


-rally, 


stringe 


r.: 


conditions are select. 


ed to be 


u. 


rut 


5° C to 20° C 


lower t 


h<\ 


:. the thermal reel ring 


point rr. 




: or 


the specific 


sequent- 




: t a defined ionic str 


ength an 


0 




The T m is the 


.temper?: 


V 


e (under defined icni 


c strer.j 




md 


P*K) at which 50% 


Of th'£. 


V. 


• get sequence nybridiz 


es to a ; 




tectiy matched 


probe . 


















An antibody "specific 


ally bin:. 




to" 


or "is 


specif i 


c-\ 


My immunoreaccive wit 


h" a pre- 


. 1 


n wh 


en the antibody 


f unctie- 


n;; 


in a binding reaction 


which ir 






minative of the 


presene 


e 


■ f the protein in the 


presence 


F 


a h 


eterogeneous 


popula t 


it 


of proteins and othe 


r biolcg- 


3 




bus , under 


design,; 


t r 


immunoassay conditions, the 




: i f i 


ed antibodies 


bind rr 


e i 


rent i ally to a partic 


ular pre 




i an 


d do not bind in 


a sigr.i 


f i 


"ant amount to other p 


roteins ; 




.-sent 


in the sample. 


Specif i 




binding to a protein u 


nder sue. 




ondr 


tions requires 


an anti 


bo 


dy that is selected fc 


r specif. 




*:y for a particular 


protein 




A variety of immunoas 


say form - - 




may 


be used to 


select 


a r. 


..ibodies specifically 


immunore ■ 




we 


with a 


particu 


I a 


■" protein. For exampl 


e , solid • 


h 


•se 


ELISA 


immune a 




:-;.ys are routinely used 


to seler 




none 


clonal 


anti bod 




. c specifically iinmunor 


eactive. v 




h p 


rote in. See 


Ha r lev 


an 


•\ Lane (1988) Antibodi 


es, A La'' 




it or 


y Manual, Cold 


Spring 




rbor Publications, Nev.- 


York, f 




a description of 


immune a 


r~ - 


:y formats and conditi 


ons that 


3 


.i be 


used to 


determi 




specific immunoreacti 


vity . 












As used herein, "test 


compoun: 


H 


may 


be any 


substance 


, molecule, compound, 


mixture • 




r.olecules or 


compel: n 


C i 


, or any other composition whi 




is s 


uspected of 


being c 


a p 


-;ble of inhibiting (3 - secretary 




ivi 


cy in vivo or in 


vi tro . 


T 


he test compounds may 


be macro. 




ecu! 


es, such as 


biologi 


c: a 


I polymers, including 


proteir.e 




elys 


acchrides, 


nuc 1 p ; c 




•■ids, or the like . Mo 


re u sub 1 




the 


test compounds 
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will b- 
2 kD, ro 
usual V. 
usual 
may be ;> 
examp . 
known : ; 
test or:, i; 
scree::: v; 
compc.;:; i; 
(as dii 
from abou 
Test comp 
of APP 
their a hi 
animals 
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"nail molecules having a molec 
e usually below 1.5 kD, frecc. 
n the range from 100 to 1,00': 
the range f rem 200 D to 750 
/^selected based on a variety •; 
suitable test compounds may bt 
ceolytic inhibition activity, 
-nmds may be selected randoms- 
methods of the present invent 
will typically be administers 
;sed hereinbelowj at a concent 
- 1 nM to 1 ml-:, usually from a 
ounds which are able to inhib; 

considered rs candidates fcr 
■lity to decrease /iAP productic 



w»:ch: below about " 
. y below 1 kD, and 

and even more 
Such test compounds 
::ri r.frria . For 
elected as having 

ter: lively, the 

d tested by the 
* . .Vuch test 

0 reaction system 
"-ion in the range 
■ t l ul-\ to 1 mM. 
>-secretase cleavage 
:rther screening of 
n ceils and/or 



11 • ft '^ cretase 

/3-secretase has been charact^ 
respect-., as described in detail in the 
below. T-secretase has an apparent mc: 
range from 260 kD to 300 kD determined ' 
chroma t r.c raphy in 0.2% hydrogen a ted Tri. 
accural : molecular weight in the ranqe 
has bee- determined by electrophoresis, 
to wheal germ agglutinin but not to cg;. 
been fo;n:l to have a net negative char- 
does not. bind to a cationic exchange ms 
negative charge at pH 7.5 (where it bin 
material). The /3-secretase of the pre- 
cleave both wild-type (normal) and the 
at the putative /3-secretase cleavage si- 
amino- terminal side of the /?AP f ragmen:: 
have a higher proteolytic activity wit:- 
form of APP. Proteolytic activity appe 
at a p» fcom 5 to 5.5, with very low at 
above. £-secretase is resistant to ma:: ■ 
inhibitors (see Table 3 in the Experirr.or: 



;;ed in a number of 
: : :erimental section 
:Iar weight in the 
gel exclusion 

- X - 1 ■'; c . A more 

5 0 kD to 148 kD 
:-sec:;ecase will bind 
-vaiin A. It has 

- pH 5 (where it 

■al} and a net 
to an anion exchange 

invention will 
dish mutation of APP 
on the immediate 
:id ha 3 been found to 
f:pec to the Swedish 

to be at its peak 
:-y rr; pH 7.5 and 
:.own protease 

- section below) . 
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t ^se appears to preferably rec: 
poly:. 2:/; ice substrates which have ret- 
numb--;- c residues upytreain and dcv.-nr 
site '.r:-m either the wild-tyre, Swec : 
for- f APP. As demons tracer, in the 
here:.n\f :er, peptides containing an f-- 
upsrre;:r an d five residues do-/ns:rear. 
cleav-iye site will be cleaved but re., 
perrt::: md higher enzyme levels thar: 
peptics containing longer r en ions on 
cleav--.;.. 2 site. 

The /?-secretase of the prese. 
provided in an isolated and purified f- 
purified » it is meant that the jS-secr 
(1) isc'Uced and at least partially pu. 
source :;uch as human brain tissue or : 
descr:.;. in detail in the Experiment* 
/3-ser;:*?; :;:se can be obtained from cell-, 
protein purification techniques. Conrr 
be re-c/c.d from the jS-sscretase compon: 
technic- its, including serial lectin ch: 
bound suc:cinylated-wheat germ agglutin: 
bounc iertil lectin (LCA) . These leer: 
bind;..- 9 / -secretase activity, treferen; 
contfv.-.inr ting proteins in the purified 
alien- increased enrichment of the 
The ,'5-s >cretase will be isolated and pi 
sufficioi <: to increase the j3-secretase 
resulting composition to a useful level 
0-sec.-etf.se preparations of thr present- 
sufficient activity to cleave A?? and A- 
polypeptides as described in the Experi 
Preferably, the 0-secrec.ase compositicr 
invenvi;.: will have an activity which i 
grear.tr than that of a solubilized but. 
fraction from human 293 cells. More pr 
compoi it: ons will have a J-secrecase at 
least a;,c :t 100-fold greater than thar 



: :e c nly those 

e ~. a substantial 

s from the cleavage 

rr other mutated 
z rirental section 
~ ■ five residues 
: -1.2 fi- secretase 
r : longer incubation 
~ ■ cleavage of 
- ^r nide of the 



■ nvent ion will be 

By "isolated and 
re has been either 
red rrom a natural 
; n 2 vni cells (as 
' ction below) , 

sources using known 
-ating proteins may 
: ns by specific 
urography on agarose- 

^• ; GA} and agarose - 
3 It hough partly 

ly bind other 
ttions, and thus 
Hse activity. 
i=d to an extent 
ivity in the 
in particular, the 
vent: ion will have 
containing 
ral section below. 
~ the present 
- ic.^st 10-fold 
r.riohed membrane 
*ablv, the 

ry which is at 

he rolubilized 
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memcvar.e fraction from human 7 23 cell 5 
deter.T.ir. .ng /3-secretase activ: cy in u.i 
describe . in detail in the Experiments 
footnote 1 to Table 1) . 
5 This invention also provides 

analc-7?. As used herein, the term "/>-- 
analog" refers to a non -naturally occ : 
comp :r u - ; ng a c on t i gu ou s sequence f r a cr . n 
acids, a::, least 15 amino acids, at lei 

10 least ;;5 amino acids from, the sequence 
In cr.j embodiment, jS-secreuase protein 
as an i.t. ^.unogen , elicit the production 
specifically binds to native p- secrets* 
protein analogs optionally are in iscl- 

15 This invention also provider 

pro'ciin analogs that cleave /3-amyloic 
^-an:yioi-i peptide cleavage location, i 
imme. 1 ; i n t ji 1 y ami no - 1 e rm i na 1 to the 0 - a :. 
analogues will preferably have the mi.: 

20 describe i above. 

Active 0-secretase protein a. 
secret as 2 protein analogs whose amine : 
frcn; -chaz of native /3-secrecase by the 
subs*: iv.u -ions, additions or deletions 

25 fragment: 3) -. Active fragments can be it 
proteolytically cutting back the prote: 
amir::;-- '.s^xinus or the carboxy- terminu .v 
seqi:en.:r-c3 to generate fragments, and 
fragments for activity. 

30 Active /J-secretase protein a; 

include '-hose having amino acid extens- 
carbcxy- terminal end of other active r; 
additions made internally to the prote 
Protein analogs that are ol i . 

35 preparer by chemical synthesis using v 
However, both oligopeptides and larger 
and protein analogs preferably are pre 



.. sp :cif ic method for 
; cf 'ng m" 1 h' 1 " is 
5:cui n below (see 

- -icr :tase protein 
.""•:ta--e protein 
v.g p.:lypeptide 

: of . t least 10 amino 

a...ino acids or at 
z native /3-secretase. 

■ 1 tlog-; . when presented 
:: an antibody which 

■ pror-un. /3-secretase 
■2- 1 fcr.n. 

c :ve .3-secretase 
■2::urs-r protein at the 
. at location 
■3 .d peptide. These 
■ r. : activities 

1 >gs include /?- 

id sequence differs 

.1:1 u i. o n o f amino acid 

. ■ ; . , active 

unified empirically by 

irorr- either the 

by deleting internal 
♦ t -ng che resulting 

;l x;s having additions 
•n'i to the amino- or 
g ient. 1, , as well as 

■o ipzS \es can be 
1 >:no-%Ti methods. 

- .^ecr -:tase proteins 
r^c. r.'zcombinantly. 
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chem:. 
phosp 
other 
be u:-; 
affin 
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The /?-secretas£; polypeptides 
". i or. rr.ay also have == : n no a c i d re v : 
.:aliv modified by known technique: 
noryiation, sulfonacion, biotinyic ' 
moi sties.. In some embodiments, t\ 
r u J for 1 abe 1 1 i ng re agen t s , pur f 
' ty ligands targeting, cr the like 



:ne present 
-e -: which have been 

za or the addition of 

modifications will 
5 :ion targets, 



III. A:-:" :- ODIES AND HYB". IPOMAg 

The 0-secretase polypeptides 
inversion may be used tc prepare polycJ: 
ant ih; die.-; using conventional technique, 
polypeptides as an immur.ogen. The ints.. 
molecule, or fragments thereof, optiona 
carrier molecule, may be injected intc : 
monoclonal antibodies being produced bv 
described in detail below. Antibodies 
/J-secr-tase will be useful for perform: 
immunoassays to detect £-secretase in "r 
specimens. Antibodies according to the 
bind :.o p-secretase with an affinity cf 
l , 10 6 M ' 1 , or 10 9 M" 1 . 

A number of i:r.::iu::ogens can be 
antib-die;^ that specifically bind /3-sec:. 
Recombinant or synthetic polypeptides o; 
length, or greater, are the preferred p~ 
f or iv a production of monoclonal or pel 
Exemplary peptides include [SEQ ID Nos . ; 
class of preferred embodiments, an immu: 
conjugate is also induced as an immune 
occurring polypeptides can also be used 
impure form. 

Recombinant polypeptides are i 
eurkaryotic or prokaryotic cells and pui 
techniques. The polypeptide, or synthe; 
then injected into an animal capable of 
Either monoclonal or polyclonal antibed-- 



.he present 

. and/ or monoclonal 
w.ch the /?-secretase 

i-secretase 
y coupled to a 
all vertebrates, with 
I -known methods, as 

0 iuced from 
conventional 

1 ::rical and other 
.■r^ent invention will 
: least 10* M" 1 , 10 7 M" 

jjd to produce 
;ss polypeptides. 

1 " amino acids in 
v -eptide immunogen 

'nal antibodies. 
, 6 , and 7] . in one 
J' :iic peptide 
Naturally 
it her in pure or 

pressed in 
tk'.ed using standard 
:: version thereof, is 
r;. jiucing antibodies, 
v ran be generated 
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for 
qu?<- 



app . 

etc . 

vec 

No, 

imnv. 

the 

and 



subsequent use in immunoassays tc. 
*Mty of the polype:; t ice . 

Methods of producing polyclr 
to ::.ose of skill in the art. I n bri , 
pre: rahiy a purified polypeptide, a r 
priate carrier (e.g., GST , keyho.". 
or a polypeptide incorporated i: 
* r ruch as a recombinant vaccinia 

722,843) is mixed with an adjuv 
■ized with the mixture. The anin.r. 
: mmi::;ogen preparation is monitored 
atermining the titer of reactivit 
interest. When approximately high tit 
immunogen are obtained, blood is col] e 
ant.:^«ra are prepared. Further fracti 
to e:rich for antibodies reactive to t. 
performed where desired. See e.c, Co 
Prc7<:-ols3 in Immunology Wiley/Greene, 
<19en) Antibodies: A Laboratory Manual 
Pres.", NY. 

Antibodies, including bindin 
chair, recombinant versions thereof, a-; 
fragments of /?-secretase proteins are 
anii-r:ls # e.g., with conjugate* of the 
proteins as described above. Typical!-, 
interest is a peptide of at least 3 a:.i 
typi: -illy uhe peptide is S amino acid,; 
the fragment is 10 amino acids in lenc.v 
the fragment is 15 amino acids in lem:\ 
peptides can be coupled to a carrier r:. 
fusic.n protein), or are recombinant ly - 
immurization vector. Antigenic determi 
which antibodies bind are typically 3 t 
length . 

Monoclonal antibodies may be: 
secreting the desired antibody. In so- 
desirable to prepare monoclonal antiboc 
mammalian hosts, such as mice, rodents 



fur-.; tne presence and 

antibodies are known 

inmunogen, 
:eptide coupled to an 
■«p(-t hemanocyanin, 
n immunization 

see, U.S. Patent 
inc. animals are 
immune response to 
taking test bleeds 

• the polypeptide of 
of antibody to the 

: fiom the animal and 
ior of the antisera 
oly peptide is 
" (is- 91) Current 
;-:nd Harlow and Lane 
:i Spring Harbor 

. ^-grnents and single 
t predetermined 
^-d by immunizing 
v.ents with carrier 
-■-e immunogen of 
-icius, more 
length, preferably, 
r.d more preferably 

* greater. The 
in (e.g., as a 
essnd in an 

ts on peptides to 
" auinc acids in 

arf:d from cells 
stances, it is 
from particular 
-nates, humans, etc. 
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Descr: ption of techniques for preparing 
antirc dies are found in, e.g., Stites : 
Clim ; a 2 I.^unology (4th eel.) lange Me*' 
Alton CA, and references citeo there:.: 
Supzv , Coding (1986) /toocjona.: Antibc. 
Praci . ce -'2d ed.j Academic ?re.-;s, New 
Mils;:-', in [IBIS) Nature 23 5 : 95 - 497 . S" 
method proceeds by injecting ar. animal 
animo " is then sacrifice-: £oid -ells tai 
which are fused with myeloma c--lls. Tr 
cell cr "hybridoma" that is capable of 
The p-pulation of hybridoma s is then s-r 
individual clones, each of which secrcr 
spec:., -s to the immunogen. In this man: 
anti:;- dy species obtained are the proch.: 
cloivi-. singe B cells from the .immune ar 
respo .se to a specific site recognized 
subsr. " nee . 

Alternative me t hods of immorc 
t r an s "■ o rma t i on with Epstein B a r r Vi ru s , 
retroviruses , or other methods known ir 
arising from single immortalized cells 
proriit ;ticn of antibodies of the desire-; 
affiu '.ty for the antigen, and vield t:n 
produced by such cells is enhanced by - 
inclu :ing injection into the pvritonee" 
(preL :rably mammalian) host. Vhe poly: 
of thr: present invention are not with ■: 
and include chimeric antibodies such a: 
antibodies . 

Other suitable techniques i:r 
libraries of recombinant antibodies in 
vectors. See, Huse et al . (19';9) Scic 
Ward, et al. (1989) Nature 341: 544-54' 

Frequently, the polypeptides 
labe.:;:d by joining, either covalently • 
substance which provides for a detect;:; 
varie.y cf labels and conjugation tech- 



t z':\ :■ onoclonal 
: 1 . ; eds . ) Basic and 
■ :- 1 ?u b 1 i ca t ions , Los 
■ tr i~ w and Lane, 

; ?:. indoles and 

: :-TV; and Kohler and 
: ::.z-:d briefly, this 
: . ■ a;, immunogen. The 

:::or its spleen, 
: rsuit is a hybrid 
.r rcdncing in vitro. 
er;ed to isolate 
r single antibody 
. thr. individual 
: of immortalized and 
- I generated in 

the immunogenic 

i zntion include 
■n cc genes, or 
h-2 ant . Colonies 
n- screened for 
p-cifieity and 

rn: clonal antibodies 
i.ous techniques, 
-vi-y of a vertebrate 
niie/j and antibodies 
without modification, 
,i*m = nized murine 

ve selection of 

age or similar 

; 2 : 1275-1281; and 

antibodies will be 
; cr. nova lent ly ( a 
s :gna 1 . A wide . 
;o c s are know and are 
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repc 
lice- 
en 27 
moi^ 
the 
U.S. 
4,277 
immu" 
No. 
USA c 

affir. 
Colu:r 
solic 
the ' 
was he 
dena*: 
relea 

libra 
0-sec 
label 
antic 

used 
detec 
relat: 

human . 
non-h; 
DNA t 
66:10: 
immun-- 
subsc- 
immu n. 
subst 
donor 
are a 



:ed extensively in both the scien: 
•-cure. Suitable labels include r 
-s, substrates, cefaclors, inhibi- 
ts , chemiluminescent moieties , r: 
-:e . Patents teaching the use c" 
-ate.nc N03 . 3, 817, £37; 3,850,752, 
-37; 4,272,149; and 4,365,241. 
globulins may be produced. See, 
316,557; and Queer: et al . (1989} 
: 10029-10033. 

The antibodies of this inveiv 
ty chromatography in isolating /• 
-3 are prepared, e.g., with the e: 
support, e.g., particles, such c: 
>:e, where a cell lysate is passe. 
- and treated with increased cone? 
".rant, whereby purified jS-secreta? 
" ed . 

The antibodies can be used to 
-ies for particular expression pre 
-ecas=. usually tie antibodies i: 
-*d with a moiety allowing easy der- 
.n by antibody binding. 

Antibodies raised 3gainst /?-;. 
0 raise ant i - idiotypic antibodies 
:mg or diagnosing various pathol: 
to th ^ presence of the respect! 
An alternative approach is th 
.zed immunoglobulin?; by linkina th 
:~an antibodies to human constant r 
thniques. See Queen et al., Proc 
29-1C033 (1989) and WO 90/07861. 
globulins have variable region fr* 
r.tially from a human immunoglobuj 
globulin) and complementarity del 
r.tiaily from a mouae immunoglobui 
immunoglobulin) . r ne constant re 
so substantially from a human imm. 



:c a. id patent 

c-nuc*«. eotides, 
*-' / fluorescent 

t tic particles, and 
"fh 1 bels include 

-3r,;50; 3,996,345; 
:c , rr.combinant 
"-'illy.. U.S. Patent 
xc. Hatl'l Acad. Sci. 

ar:: also used for 
icretase proteins, 
odi^s linked to a 
arose: , Sephadex, or 
trough the column, 
' rations of a mild 
rolyteptides are 

h ere en expression 
-:c'zs such as mammalian 
"ucn c procedure are 
~ t ion of presence of 

ret as* can also be 
These; are useful for 

c-1 conditions 
antigens . 

generation of 

regions of the 
:gions by recombinant 

tfatl. Acad. Sci. USA 
"he hu.nanized 
-e-A'crk residues 
- vter.r.sd an acceptor 
m-.ning regions 

- (referred to as the 
on(s) . if present, 

globulin. The human 



. WO ;088:" 



PCT/US96/09985 



vari: 

whos ■: 

iden" 

the 

regi- 

diff : 

sequ-: 

anti: 

antii 

acid: 

sele: 

CDR ; 

such 

charr 

empi:; 

mutac 

murii. 
vari a 
acid 
amine, 
expec 



withi 



frame 
immur. 
subst 
the a 
humar. 

encoc". 
there 
accor 
Scien 



vie domains are usuaiiy chosen fr: 
.• framework sequences exhibit a hie 
ty with the murine variable regi: 
.' >Rs are derived. The heavy and 1: 
■:. framework residues can be deriv- 
ent human antibody Sv::::uences . T: 
; ces can be the sequences of natur 
. dies or can be consensus sequence 
dies. See Carter e~ al., WO 92/1 
from the human variable recion ri- 
med for substitution based on the:; 
"nformation 'and/or binding to ant.: 
/ossicle influences is by modeling 
teristics of the amino acids at :\ 
sal observation of : .:he effects o; 
nesis of particular £..:nino acids. 
For example, when an amino a-.: 
variable region framework reside 
;~le region framework residue, the 
' hould usually be substituted by t. 
acid from the mouse antibody when 
red that the amino acid: 

(1) noncovalently binds anti 
is adjacent to a CDR rec: 
(3) otherwise interacts with 
:■- about: 3 A of a CDR region) , or 

M) participates in the V L -v.. 
C::her candidates for substitu 
-ork amino acids that are unusual 

globulin at that position. These 
i tuted with amino acids from the e. 
-.tibody or from the equivalent po;-- 
immunoglobulins . 

A further approach for isola:: 
a human monoclonal antibody or 
f is by screening a DWA. library :• 
;ing to the general protocol cutl-. 
. - - - - - — < -> + \ s i. j > dnu cnen 



human antibodies 
cegrse of sequence 
:o:na.-;ns from which 
t chain variable 
: rom the same or 
human antibody 
] y occurring human 
:f several human 

■S3. Certain amino 
-work residues are 
possible influence on 

Investigation of 
examination of the 

micular locations, or 
institution or 

differs between a 
-:nd a selected human 
man framework amino 

equivalent framework 
m: is reasonably 

-n directly, 

CDR region (e.g., is 

■ at erf ace . 

on are acceptor human 
:: a human 
:.:;ino acids can be 
'.valent position of 
ions of more typical 

■ ; EN A sequences which 
'ndirvrj fragment 
■. hum 'in B cells 
- by iiuse et al. , 

■ ;ing and amplifying 
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See e a 
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McC:- 


fere. 
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be ui 
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rec: 


: tors 


cr their liga 1 . 
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: ng a J 


fmity are s ~ ~ 
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ant: ; 
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"-o.se protein 


pro*. 


; d e c . 


i)UlLaii.y, t n 


;££'i 


: fragments * 


to r" 


,3 0-S 


ecretase prote 


in 


receptor sir. 






immunoglobulin . 




antibody fra - 


heav 


.' chai 


ns, light chai 


ns 


Fab, ?ab' , 


Fra - 


■ ents 


are produced b 




■scombinant * 


enzy 


■ ic or 


chemical sepa 


ra t 


.ion of inta- 



IV. 

dete - 
poly; 
meth 
seer 
seer, 
prod 
moni 
incr- 
syst 
immu:i 

user u 
to it 
case:- 
effer 
is o'( 
clea\ 



3CRESHING ASSAYS 

The present invention furthe, 
::ing G-secretase mediated cleavac» 
eptides substrates recognized by ; 
is utilize a reaction .system whic; 
:ase component and a substrate cr.:: 
.:ase cleaves the substrate over t: 
•:ts. Thus, 0- secretaire activity •: 
.•red over time as th- amount of c\ 
■•ises. The amount of cleavage ore: 
•n can be measured in a variety of 
logic, chromatographic, electron: 
Such jS-secretase cleavage meL 
"* for screening test compounds to 
hibit 0-secre£ase mediated cleavao 
a test compound is added to the 
of the test compound on product: 
served. Those compounds which inh 
jge product (s) are considered as t 



cr binding fragment) 
iescribed by Huse is 
"th phage display 

91/17271 and 
■\i.-.pjay technology can 

"-ncibodies 
~e ;rc : : ise protein 
3vir-T improved 

-v-nrion, fragments of 
: pr' tein analogs are 
libit specific binding 

ar to that of a 
• n.:s include separate 

) ? Fabc, and Fv. 
. techniques, or by 

i!:".T.urioglobulins. 



3es assays for 
? and other 
tase. The 
ies both a 0- 
: where the 0- 
P reduce cleavage 
observed and 
s product (s) 

in the reaction 
including 
■/ and the like, 
re particularly 
ine their ability 

In such 
-n system and the 

leavage product 
ho production of 
3l £-secretase 
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inhi) 
treEw 

type.: 
and i 
difn. 
mix;:.\ 
or p-;- 
sourc 
seer: 
subsr 
isol£ 
f ragr; ■ 
APP £ 
in ir.c 
P-sec 
sub EC 

det!::C 

nativ 
commc 
from 
Expe: 
may h 
super, 
amov : ; 
cleav? 
may •; 
pre so 
usef v 
inhib 

perf o 
0-sec 
comp r 
pres: 
such 



tors and further as potential tht 
.ant: at conditions associated wit;* 
The reaction syn^em will us;:- 
Virsz, the reaction system may 
polypeptide substrata which are c 
•ent sources and thereafter admi:-:; 



Usually, th= 



- soore 



tase wi] 



.•tially purified 5-secretase cbta: 
as described above, or will be 
ase, also as described above. T: 
ate, in turn, v.* ill. usually be eit 
ed from a natural source or produ 
-nt of APP or other polypeptide wi- 
-.d comprises the seoretase clea\ 
'e detail below) , cr a synthetic r 
■etase cleavage site. The /5-secre 
■ate can be used ir. a -.vide variet\ 
ion systems which permit observer, 
■etase cleavage products over timt 
Alternatively, the reaction s 
p- secretase and native APP obta ; 
cellular source, usually being v 
ell membranes. As described in rr 
'cental section herein f ter , human 
. obtained from culture, disrupted 
•atants which comprise both 3-secr 
3 which permit surseouent convers 
ge products by the secret ase . 

detected in the same way as desc 
■ - application, ant the methods wi 

for determining the ability of t : 
t such /J-secretass mediated cleav..: 
The first 0-secretase assay c ;: 
med by combining an ?t: least part - 
etase is combined w;i r h a poiyoept 
sing the 0- secretasc cleavage sit 
ce of the test substrate. Ccndit : 



peutic agents for 

. AP production, 
y comprise one of two 

■ :npri.-.?e a £-secretase 
ained separately from 
into the reaction 
e either a purified 
d from a cellular 
recombinant /?- 
polypeptide 
r full length APP 
3 recombinantly, a 
h mimics a portion of 

■3 sice (as described 
tide comprising the 

■.3e and polypeptide 
- solid phase 
of the production of 

tern may comprise 
I from, a single, 
ultaneously extracted 



dr-:r 1 



in the 



hat 1 1 \ e /5 - secrets: 



Ld cleave 



::ain or other cells 
md treated to obtain 
ise and native APP in 
i of the APP into 

cleavage products 
bed elsewhere in the 
be Particularly 
*. compounds to 

:ribed above may be 

-ly purified 

? substrate 

■f AP? in the 

-.s are maintained 

j polypeptide 
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SUC£ :1 ' 2 - 5 •■• nr -° an amino-ra-ir.inal fracn., and a carboxy- 
tern .nal fracrment in tr,- a,sence of a f : ataaca which inhibit8 
sue. , ie ,,, :je . eleavac, c: she polyp,, . , a s .,, s:rate in the 
p«s,,ce cf che test co: TO d is cornpar- c with that in the 

abse: re or. the t°st rnT.^r.,,,. - * 

t-s. cot,^._, anc znose ■ 2S t substances which 

prov ae significant inhib-: -- i on -no ~ . 

°- , - ne - ■ rivac- activity 

r" 1 :"/" " aSt ab ° UC 2 " inhibi ^-' — -ually at least 
. ^ -«*ibition, P«ferably at lea : abo;: 75% 

lnn " " 1C: - and ofCen ar L ' ^ abou = - ^hii it ion or higher) 

are "nsicered to be 6-ssr--.-ta« ^^u- .. - e . „ 

. , . " £ - ^ucn /?-secretase 

mhi iters ;:ay then be svo->ct*d r Q : . v v 

..~<-_a _c fcJ i . jr 2: vitro and/or in 

vivc testing to determine the-. 



PAP ; cellular and anir.a.l models. 



he production of 



Su_ ,,-le vivo and in 
vitr tests are describe- ~ n r o^«r^r^ -» • 

„. c-i— ... copenc.no ;r plication Serial Nos . 

07/9 5,972 and 07/831, 7?-? *-*n« f,,n , 

/o^j., t . ne Eull Gis :. : -3surt.s of which are 

mcc.porar.fid herein by reference. 

Suitable substratz poiypeptic will include a 
reg:, r. oc the AFP molecle which is re,, ,- ,i, £ c and cleaved by 

p-se ..reta<;:. . Usually, •,';-;> = : ,b« f ^- a 

j-y, .^JDsc-c.e pc -. :epti-r:e will include 

at , ; .,st hoouc 5 amino ac.ic: residues, a - preferably at the 
leas-: snout 17 amino acid3, amino-termi n. to the cleavage 
site uocated between amino acids 53fi a .., 597 in the 695 -amino 
acin APP corner) and at ie^t about 5 a • ,o acids, preferably 
at ,„sc about 15 amino acids, and most preferably at least 42 
amiIK ' acids (i - e - the ^P seouer.c •) . on che carboxy- 

temrr.al side of the cleavage site. Th :leavage site will 

typ: -- lly CO:aprise the Ks -"* a P or the L ,: - Asp cleavage site 
char —c eristic of the wild- type and Sv £ 

ants ~ APP molecule will o e - suir?hio ... , 

j.. Miuois as • :e -3c:vDeDtide 

incl-dir.g both wild-type ar.d mutant for ■ of A?p", particularly 
inducing the Swedish mutation of A??. c,;e of fusion 
8UbS "- ratS ? ° lype?tides is Prefer,-,:., where an affinity 

re91 ' n CSn be fuSed C ° ch * ^-secretase .] ravage 5ite of APP 
proa icing a molecule whose cleavage can t-:, conveniently 
moni.ored in solid phase test systems. 

The screening a-^ys of /3-sec case and suitable 
subs rate polypeptide arc conveniently ; , -formed using 
"sandier.- assays where the amino- term;.: > cr -he carboxy- 



i >h fe nns of /3APP. An 
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ten =.nal i moment produced by cleavage - captured on a solid 
Phai : Tn ca ? tursd fragment may then ,:. detected 'using an 
ant, :oay specific for the end of the :: - : nenr. exposed by 
tf-sn.rretase cleavage. Ir. -,.n exemplary •: bodiment described in 
det '" • in ' he Experimental -action beic - the polypeptide 
SUb: " raC ~ '- S 3 fusicn Polypeptide comb:: • : no m.ltose -binding 
pro: .-. n a 125-amino carnoxy-t, ■ lRai f 3:agment of App _ 

The ..say , ses anti-maltoso-bindinc- pr ; . i n antibody to 
cap; -_-2 th-:. amino- termin-:- 1 cleavage prr 1 ;t , -.here the 

carboy -tQvainus of ch " lavage produc. •. is detected by an 
ant: body specific thereto. An exer.pl.- -. ■ antibodv is 192 
antibody or SK-192 antibody, described - more detail in 
copending application 08/l-:3,697, filed cn October 27, 1993, 
the iuii disclosure of whinn is incorpc ,- ? ted herein by 
reference. The binding of the antibody :o the cleaved fusion 
polypeptide is detected using conventic .r I labelling systems, 
sucr. as horseradish peroxidase or other < etectabie enzyme 
labc-ls, which are bound to the antibody "irectiy (covalently) , 
or indirectly through intermediate link ,-g substances, such as 
biol and avidin. 

V. J^arma ceutical Comq g^i^ 0 n S _and^-- x ^eut ic Method* 

1he P reser - invention further comprises methods for 
inh:. -.itir.g the 3-secretase mediated clc- .age of APP to APP 
clen^ge products in cell:,, where the ma hod comprises 
adm; -.-.storing to the cells compounds se -::ted by the method 
desevdoed ,bove. The cc,,x-unds may be ddsc to cell culture 
in c. ;der tc inhibit AP? cleavage which esults in /?AP 
production of other cultured cells. Th- ■ compounds may also be 
adnu.v.stered to a patient in order to inhibit 0-secretase 
medi n:ed APP cleavage which results in ; ;;.thogenic /?AP 
production and the deposition of amyloid 3-plaque associated 
with Alzheimer's Disease and other flAP-, ; lated conditions. 

The present invention further comprises 
pharmaceutical compositions incorporate <• a compound selected 
by td, above -described method and including a pharmaceutical^ 
acceptable carrier. Such y. darmaceut ica compositions should 
contain a therapeutic or prophylactic a.„unt or at least one 



wo v^n* 



PCT/US96/09985 



26 



compound ;dentified by car. :r.ethcd zz • 
The pne;.*r.-.;...euuically accep.-.-ble tarrit^ 
nor.- toxic : ubstance suitab ..t to rie'^v-- 
intended hist. Sterile wa:;er, alcchcl, 
SOJ..1C.9 may be used as the -j^rrier . ?;•; = 
acc^-Ebl- adjuvants, buff -ring acentc 
the iike i :y also be incor -orated ir.tc 
cor.:: .-iti: : s. Preparation r.f pharrtace . 
mc- rpcr; :. ing active agent:: is wall de. 
and scientific literature. See, f.-.r £•-: 
Pharmaceutical Sciences, Mr-ck Publiah:- 
Penrsylvaria, 16th Ed., 19^ ( r he disci 
incorporated herein by reference. 

The pharmaceutical compo£-iti ?. 
suitable f:cr systemic administratis c- 
hot:: pare: ;;eral and oral adminis tration 
comtcniticns will usually } -e administer 
s u b : : : - t a n e r v: sly, intra mi: s c u 1 £ r 1 y , c r i r. - 
present invention provides composition, 
a host, where the compositions corr.pris-- 
acc.~*ptab3 i solution of the identified ■ 
acceptable carrier, as described above. 

Frequently, it will be desire:, 
introduce ;.he pharmaceutical comoositi. 
indirectly to the brain. Direct te;hr : 
placement zz a drug delivery catheter \ • 
vent-:-icui=.r system to bypas- s the blood-. 
Indirect techniques, which c.re general 
formulating the compositions to ore vie -■ 
by the conversion of hydrophilic druas ; 
drug.:. Lateritiation is gev.erally srhi.-- 
the nydrcxyi, carboxyl , and primary ar.in 
the drug to render the drug more lioic-; 
transport ion across the blood-brain ba- 
the -Selivsvy of hydrophilic drugs can 
art;: rial infusion of hypertonic soiuti- 
trar. ;ienr.jy open the bIood- ; ;ra^r '^s — ; ■ • 



prec .nt invention. 

-ar. b : any compatible, 

ne expounds to an 
rats, waxes, and inert 
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The concentration of the compound i. 
pharmaceutical carrier may -^ary widelv, i.e. ' 

by weight of the pharmaceutical to: 
by weight, or greater. Typical ora- 
n for intramuscular injection would 
or example, on- to four mi of e:ieri. 

to one mg of the compound iccr.ti::; ■-• 
sent invention. The typical ccmnor- 
:i infusion, could be mad 



about 0 . l 
abo : t 2 0 V 
com., \si .;i 
con :. ::.n , 
and ;i:e 
of t :e pr 
intr i veno 
of o :eril 
compound . 



dinger's sol 



:ion and 



up to :ont 
>out 1 to 1 



lnvennio: 
the;: a pen! 
/SAP. sue! 



The pharmaceutical compositions: of t: 
can be administered for rjroohv"! ^>" i --ir- 
. z treatment of diseases related to t: 
as Alzheimer's disease, Down'- svudrr 



advanced c;jing of the brain. In therapeu. - i-- a- 
pharmaceutical composition:; are administered t 
suffering from the disease. The charmaeaut i c-. 
will be administered in an amount sufficient t 
further deposition of 0A? plaque. An amount z 
accomplish this defined as a "therapeutically ^ 
Such effective dose will depend on the extent c 
the size c: the host, and the like, but v< 1" c 
from r;br.'ir. ua to 10 mg of the compound per hi]; 
weigh- : ..f -he host, with dosages of o.i to ' 
more commonly employed. 

••"or p r ophy lactic app 1 i c a t i on s , the r 
compositions of the present invention are adtu - 
host susceptible to the /?AP»related disease, v-- ; 
suffering from such disease. s.uch hosts may 
genetic screening and clinical analysis, as de*: 
medical literature {e.g. Goate (1S91) Nature 2-; 
The pharmaceutical compositions will be able t - 
prevent deposition of the plaque at n svmp-/ 

eariy sta~o, prefereibly preventing even che i- : 
the o-amylcid disease. The amount of the come-, 
for yuch prophylactic treatment, rcrerrc: tr a - 
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pre-;-" /l.-iccically-ef f ecr.iv* os-'c^- iq r n- 

^ is gc..-iail : cne same as 

desc.-ib-c above for cheraps.ur:ic treatment. 

The following exsr.ples are off^ed by v/ay of 
ill*j.-=-ration, not bv ws 



V 



E>~ CRIMEN f AL 

2u£Ll ic^cipn and Cha ^r^ :;?jtji on ; f £ - - r « = .- r 

Frozen tissue (2-3 ceil : ;,ste zThZa^ brain) was 
cut into pieces and combine-! with -;ive v~=u"e~ --f 
homers zation buffer (?.0 r,M Hepes, pH 7.5, O^'m sucrose , 
2 m:- £D-.70 . The suspension was homogenized usina a blender 
ana centrifuged at 1000 x - ( 10 nun, 4°C! to oroduce a post- 
nuc-Hr supernatant which was saved on ice. The pellets were 
resusoence* in fresh homogenizing buffer at the original 
volume, and the centrif u 0 at;.on step was repeated. The second 
superman.: was combined with the first one., and the 

super:. a:. an:: pool ("PM£") W ;--= c^tr^'uapr i <- ---n . * 

- ...uger, <,u lo . .j.jO x g for 

30 mi- at \°c. The supemaSants w-rre discarded and the 
pelle.s, labelled »P2,» were either: used immediately for 
enzyTn ' s P«-ification or frozen at -<-tc for latr.r use. 

The pellets were suspended in extraction buffer 
(20 mM MES, P H 6.0, 0.5% Triton X-100, 150 mM NaCl. 2 mM EDTA 
5 ^g/.ni leupeptin, 5 , { gAr,l B64. 1 ,:g/ml p^pstatin, 0.2 mM 
PMSF! a " ihe or iginal vo.lur- . After voruMe-mixing, the 
extr^tion was completed by agitating the tubes at 4°C for a 

period or one hour. The nu~t-u^<= -••~-r° r--r~; 

..ij...i.a^_^ _r_ cR:.c^i^i,oed as above at 

16,00: x 3 , and the superas.-.ants were pooled. The pH of the 

extract van adjusted to 7.5 by adding -IV (v/v) of 1 M Tris 

base (not neutralized) . 

The neutralize extract was loaded onto a wheat germ 
agglutinin-agarose (WGA-agarose) column pre-equiiibrated with 
10 column volumes of 20 mM Tris, P H 7.5, 0.5% Triton X-100 
150 mM Nad, 2 mM EDTA, at 4°C. One milliliter of the agarose 
resin was used for every 4 « of original tissue, used. The 
WGA-c -lumn was washed with 10 column voluir.es of :he 
equiVbration buffer, and then elute-.d as follo-.-s. Three - 
quar:,r column volumes of 1 f-i N-acetylgluco«a»ine in 20 mM 

TriS. Ori 7.5, O.SV Tr ; -0« V. inn •> -M ~n- •■ 

00 ' - M tD;„ were passed through 
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the : ;Iurr.r. after which the flow v.^s stopped fur fifteen 
minu.es. An additional five column volu-es c :: the 1 M 
N-ac -ylclucosamine elutic.u buffer were :hen vs»d to elute the 
coli-.-., followed by five column volumes of 10 r chitin 
hyd-lysate in 20 mM Tr:s ( pH 7.3, 0.5% Triton X-100, 2 mM 
ED'i.7 . All of the above el-uces ■■.-■.re combined (pooled WGA- 

The pooled V.\3A-e.:.uate vs.* diluted 1:4 with 20 mM 
Nao;. P H 5.0, 0.5% Triton X-100, ^ mM XDTA. The pH of the 
dilv.^d solution was adjusted to I . 0 by adding - few drops of 
glatj-1 acetic acid while monitoring the pH . This "SP load" 
was pissed through a 5 -ml Pharmacia HiTrap S?-column 
equilibrated with 20 mM NaOAc , pH 5.0, 0.5% Triton X-100, 2 mM 
EDTA. ct 4 ml/min at ; 5-Secrer.ase activity was present in 

the ; lew- through fraction, which was neutralised by adding 
en<.r.._.a 1 h Tris (not neutralized) to bring the pH up to 7.5. 
The enzyme solution was then loaded onto a :.-ml Pharmacia 
HiTitp Q-column equilibrated with approx irately 10 column 
volume- of 20 mM Tris, pH 7.5, 0.2% hydrogenated Triton X-100, 
2 mV. EDTA, at 1.5 ml/nin at 4°C. The column v;a 3 washed with 
10 c:iumn volumes of 2 0 mM Tris, pH 7.5, 0.2% hydrogenated 
Triten X-100, 50 mM tfaCl , 2 mM EDTA. Protein was eluted using 
a iirear gradient from 50 mM TO 350 Mm NaCl over 30 minutes at 
a f ; v-rate of 1 ml/min at ;*c. jhe protein concentrations in 
the KiQ fractions were measured ucing a 3ioHad colorimetric 
protein asfsay, and the ^s-:re::as^ activity was measured using 
the ::2r-C125 cleavage assay at pH 5.5. The fractions in the 
ascending portion of the protein peak have the highest 
specific activity and were pooled tor further purification of 
the enzyme.. 

The pooled fractions from the HiTrap Q were then 
applied to a column of concanavalin A-acarose (10% v/v of 
poo]} equilibrated with 10 column volumes of 20 mM Tris, 
pH 7.5, 0.2% hydrogenated Triton X-100, 150 m'-i tfaCl , 2 mM 
EDTA. The Con A flow - through wau then leuderi onto a 
Sup : — :e>: 200 (26/60) gel euulusior chro -v.?. togrnphy column, 
which wan ciuted with Tris buffered saline, pP 7.4, 0.2% 
hydrcgenated Triton X-100, 2 mM PPTA, at 1 ml /urn, collecting 
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3 m:.:.-fr £ c-i on . Fractions ccnuai: ing 0- s ~cretas3 activity 
wer " : Stifled -sir.g the >3?-cio, =leav3 - a 3£:5£v The 
app 5 ..-:- molecular wei=rh!: , ci . e -aecr,^ S :: C -vity elating 
fror. :.,e Superdex ccluxn v; £ .v estir.ted £r=-n tho ,sak elution 
vol:.:- (relative to that of stand.-. rd Dro-- = l r- ho 
280, 0:0 i 9800 (average of two ru, S for 2,1 ceiis. and two 
run: -or nunan brain) . 

Results from , 1,-c.e-sc., e pr£ >, .-, :i .,n of the enzyme 



fro: ..uw.an brain tiszu- 



:hov;n ; TabI 2 ;. .> 3 low. 



Steu 



A ctivity 
ng/ml/h 



P: -ot f: 



nn/r:i/h/;:g 
prorein 



Fold Purfn. 



Solv.bi.Iized 
memhrr.ne cxt:r. 



2 700 



350 



7.7 



HiO *■:■.: tier, 
poo J 



30000 



210 



49.5 



Con A Flow -Thru 



80000 



100 



8 0 0 



103.8 



Supc relax peak 
f r a nn 



57000 



< 5 



> 1480.5 



Specific activity of the p-.-if -i e ^ **r"F.-*« Me 
measured as follows. mbp d : - - SW ~ t i ^ S 

combined at approximately 0?7 \f/nit^\ o^SS'"" 
acetate, pH 5.5, with 0.3% Triton X-Icc V- SSS? of 
•^oauct generated was ,n M surea by the ^-s, se assaj 



Glycosylation of 0- S ecre::ase has bee, investigated 
using various immobilized lectin", and ability of 
8ubs::,2,tially purified />- secretase activity bind to them 
was <i-er:nmed. TabI- 2 cui-ar;ze.. this acta - - - qi(r 
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signifies less than 20% binding, «+" between 24-40% binding, 
"++" between 50-75% binding, and "+++•■ > 75% binding. 

Table 2 

Lectin fl-Secretase Binding 

jeguirity bean (APA) + 
jack bean (con A) + 
scotch broom (CSA) + 
jimson weed (DSA) + 
coral tree (ECA) 
grifomia simplicif olia I 
grifornia simplicifolia II 
Jacalin (AIA) + 
lentil (LCA) + 
horseshoe crab (LPA) 

tomato (LED + 
maackia (MAA) + 
peanut (PNA) + 
pokeweed (POA) 
castor bean (RCA1) 
potato (STL) 

wheat germ - succinylated (SWGA) + 
China gourd (TKA) + 
stinging nettle (UDA) + 
gorse (UEAI) 
gorse (UEAIIJ 
hairy vetch (WL) 

wheat germ <WGA) +++ 

Only a single lectin (WGA) bound 0-secretase activity 
quantitatively, out of the many tested. Partial binding of 
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the activity (25-40%) to a number of other lectins probably 
indicates heterogeneous glycosylation. 

0-secretase purified as described was assayed in the 
presence of a number of common protease inhibitors as follows. 
5 Enzyme solution was mixed with the inhibitor, as described 

below in the 0-Secretase Inhibitor* Assay section, and assayed 
• for activity remaining as a percentage of a control solution 
incubated under otherwise identical conditions. IC 50 values, 
if any, were determined as the concentration of inhibitor 
10 which resulted in 50% inhibition of the control activity. The 
results are set forth in Table 3. 
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Inhibitor 

SERINE PROTEASES 

aminoe thy 1 ben z ene - 
sulfonyl fluoride 

chymostatin 

3,4- 

dichloroisocoumarin 

diisopropylfluoro- 
phosphate 

elastatinal 

phenylme t hyl s ul f onyl - 
fluoride 

CYSTEINE PROTEASES 
E-64 

N- e thylmal e imide 
iodoacetamide 

METALLOPROTEASES 
EDTA 

phospho rami don 

o-phenanthroline 

m-phenanthroline 

ASPARTYL PROTEASES 
pepstatin 

diazoacetylnorleucyl - 
methyl ester 

DIVALENT METAL IONS 

Cu 

Zn 

Hg 

C* 

Mg 
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Table 3 

Max Cone IC50 



0,8 mM 
0.2 mM 
0.5 mM 

2 mM 
0.2 mM 



1.0 mM 



Nl 
NI 

< 25* inh. 

NI 
NI 



NI 



0.14 mM 
10 mM 
10 mM 



NI 
NI 
NI 



2 Mm 
10 mM 



NI 
NI 
7 mM 
7 mM 



25 MM 



NI 



> 5 mM 



2 mM 

3 mM 

< 10% inh 

NI 

NI 
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These results indicate that /3-secretase activity is 
not inhibited by common inhibitors of serine, cysteine, 
aspartyl, and metalloproteases . Although o-phenanthroline 
inhibits poorly, m-phenanthroline, which is not a metal 
chelator, also does so, suggesting that this weak inhibition 
is unrelated to the metal -chelating properties of 
o-phenanthroline. 

Partial Sequencing." Product- i nn of svnfh»n c Peptide ^ 
Produc tion of Antibodies 

The Superdex elution fractions containing the peak 
of /3-secretase activity described above in connection with 
Table 1 were pooled and passed through a l-ml succinylated 
wheat germ agglutinin agarose (SWGA-agarose, Vector Labs) 
column. The SWGA column had been previously washed with 5 
column volumes of Tris-buf fered saline, pH 7.4, 0.2% 
hydrogenated Triton X-100, l mM CaC12, 1 mM MgCl2, followed by 
5 column volumes of the same buffer with 1 M NaCl, and finally 
10 column volumes of the first, low [NaCl) buffer. After the 
enzyme sample had been passed through the SWGA column, the 
resin was washed with an additional one-half column volume of 
the equilibration buffer. The flow through from this was 
pooled with the sample flow-through containing the bulk of the 
/J-secretase activity. 

The SWGA-agarose flow- through was then passed 
through a l ml lentil lectin agarose column (LCA-agarose, lens 
culinaris agglutinin, Vector Labs) washed and equilibrated as 
described above for the SWGA resin. The majority of the 0- ' 
secretase activity is again recovered in the LCA flow- through 
fraction. 

The LCA flow-through was then diluted 1:4 with 20 mM 
Tris, pH 7.5, 2 mM EDTA, 0.2% hydrogenated Triton X-100, and 
allowed to bind to 40 /xl of DEAE-Sepharose Fast Flow 
(Pharmacia) , by mixing the enzyme solution with the anion- 
exchange resin at 4oC overnight, with gentle agitation. The 
DEAE-Sepharose resin is then recovered by centrif ugation, 
washed once with the dilution buffer, and the bound enzyme 
eluted with 200 „1 of the dilution buffer containing 4 50 mM 
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Nad. The eluted enzyme solution was divided into two unequal 
parts, 20% and 80%, and each part was electrophoresed under 
non-denaturing conditions into a 6% separating- 4% stacking 
native gel system, in adjacent lanes, according to the method 
of Laemmli (Nature, 227, 680 (1970), except that the SDS is 
replaced by 0.2% hydrogenated Triton X-100. Following 
electrophoresis, the gel was soaked for -30 minutes in 0 1 M 
sodxum acetate, pH 5.5. The "analytical" (20%) and 
"preparative- lanes of electrophoresed enzyme (each 7 cm long 
x 1 cm wide x l mm thick) were then cut into -2.5 mm pieces 
using a clean razor blade, sequentially from the top of the 
stacker to the bottom of the separating gel. Each of the 
analytical slices was combined with 60 ^1 water and 10 /xl l m 
sodium acetate in a microcentrifuge tube, then homogenized 
using a Kontes Deltaware motorized pellet pestle 
microhomogenizer. MBP-C125SW was added to the desired 
concentration (0.5-0.7 ug/ml) , and the mixture incubated 
overnight. The samples are then diluted with specimen diluent 
50-fold, and analyzed by the beta-secretase activity ELISA 
described below. Preparative slices corresponding to those 
analytical slices containing 0-secretase activity were then 
processed as described below to generate tryptic fragments 
from the gel -purified enzyme to obtain partial protein 
sequence . 

Gel slices containing /3-secretase activity were 
first reduced and alkylated, then digested with trypsin. 
Peptides were extracted from the gel pieces and separated by 
reverse phase HPLC. Collected purified peptides were 
sequenced by automated Edman degradation. Experimental 
methods follow. Each preparative gel slice was diced into 
pieces approximately 1 mm square. To facilitate handling, the 
diced pieces of each slice were loaded into individual 
microfuge tubes. Pieces were washed twice with 100 M l cold 
absolute ethanol per tube. The shrunken pieces were then 
rehydrated in a volume of Reducing Buffer (0.1M ammonium 
bicarbonate. 0.2% hydrogenated Triton X-100, and 0.1M DTT) 
sufficient to have about 2 mm of liquid above the pieces 
typically 130-150 ul. The tubes were then incubated at 5o°C 
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for 30 mm with shaking. Following reduction, the pieces were 
alkylated by the addition of 25% v/v of 0.5M iodoacetic acid 
usually about 35„1. The tubes were then incubated on ice, in 
the dark with shaking, for 45 min. Excess reagents were 
removed and the pieces partially reshrunken by addition of 
sufficient cold absolute ethanol to adjust liquid to 80% 
ethanol. The tubes containing the gel pieces and ethanol 
solution were then chilled briefly at -20°C, while the trypsin 
was prepared. 

To one vial containing 20 ^g of modified, sequencing 
grade trypsin (Promega) was added 50 M l reconstitution buffer 
(Promega) . After trypsin had completely dissolved, an aliquot 
of 12.5 nl was removed and added to 37.5 M l of Digestion 
Buffer (0.1M ammonium bicarbonate, 0.2% hydrogenated Triton X- 
100) , yielding a trypsin concentration of l ^g/io pi The 
tubes containing the gel pieces were centrifuged briefly, and 
the ethanol solutions removed. A further 100 ftl of absolute 
ethanol was added to each tube to shrink and dehydrate gel 
pieces. The tubes were spun and the ethanol removed. To each 
tube was added about 20 M l of Digestion Buffer in order to 
just wet the shrunken gel pieces. Immediately, io fil of 
prepared trypsin solution was added to each tube. (This 
allows the pieces to absorb the trypsin solution completely.) 
Sufficient Digestion Buffer was added to leave about 2 mm on 
top of gel pieces. The tubes were then incubated at 37°C with 
gentle shaking for about 2hr. The buffer level was checked 
and more Digestion Buffer was added as necessary to maintain ' 
the 2 mm excess. Incubation was allowed to proceed 
overnight (~14hr) . Tubes were checked and spun briefly to 
return condensate to the bottoms, and more Digestion Buffer 
was added if necessary. After about 20hr, a second aliquot of 
freshly prepared trypsin solution (as described above) was 
added, and the digestion allowed to proceed for a total of 
about 36hr at 37°C. 

Tubes were taken from 37°C shaker and centrifuged 
The supematants were removed, combined into a 2ml microfuge 
tube and acidifed with trif luoroacetic acid (TFA, double- 
distilled) . The gel pieces, still in individual tubes, were 
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then extracted sequentially with 100^1 Digestion Buffer; 
lOO/il 30% acetonitrile (AcN) , 0.1% TFA; and 2x 100/xl 60%AcN, 
0.1% TFA. Each extraction proceeded for lOmin at 37°C with 
shaking. Extracts were added to combined pool described 
above. Between extract' additions, the pooled volume was 
reduced in a Speed-Vac. After the second 60% AcN, 0.1% TFA 
extract, the shrunken gel pieces were rehydrated for l-2min in 
about 20/il Digestion Buffer, then immediately extracted for a 
third time with 60% AcN, 0.1% TFA. This final extract was 
combined with the others, and the volume of the pooled 
extracts was reduced to about 350^1. TFA (as above) was added 
to a final concentration of 1%. 

Extracted peptides were loaded onto a Vydac C18 
column, 2.1 x 150mm, equilibrated at 40°C in 0.1% TFA, 2% AcN. 
15 Purified peptides were eluted with an AcN gradient. Fractions 
were collected either by hand or automatically. 

Selected peptide fractions were sequenced using an 
Applied Biosys terns Model 477, equipped with a micro cartridge. 
Three unambiguous peptide sequences were obtained, indicated 
20 as shown: 

#1 AYLTV LGVPE KPQIS GFS(R) [SEQ ID No. :2] 
#2 IIPST PFPQE GQPLI LTCE(R) [SEQ ID No. :3] 
#3 GKPLP EPVL WTK [SEQ ID No. :4) 

25 

Synthetic peptides corresponding to part or all of 
the above three peptide sequences obtained were generated 
using solid-phase peptide synthesis, with the addition of„ an 
amino-terminal linker sequence for two of them (shown 
30 underlined) , as indicated below: 

Peptide Name Sequence 

Seek-1 NH 7 CGG YL TVLGV PEKPQ I C0NH 2 

[SEQ ID No. :5] 
35 Seek-2 AcNHIIP STPFP QEGQP LILTC C0 2 H 

[SEQ ID No. :6] 
Seek- 3 NH 2 £GGKP LPEPV LWTK CONH 3 
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The synthetic peptides were then conjugated to 
cationized bovine serum albumin, prior to injection into 
rabbits for the generation of specific antisera. Antisera 
obtained at 4 and 10 weeks were then used at 1:500 in a 
Western blot against partially purified /3-secretase. Partially 
purified /3-secretase (Superdex fraction) was electrophoresed 
into 10-20% Tricine gels under either reducing or non-reducing 
conditions. Following transfer of the proteins to PVDF 
membranes, individual lanes are excised, and separately probed 
with pre-immune serum, and serum obtained at 4 and 10 weeks, 
from rabbits immunized with the three separate peptide 
immunogens. The Western blots are developed with secondary 
donkey-anti rabbit IgG, horseradish peroxidase -linked whole 
antibody (Amersham) , diluted at 1:5000, followed by ECL 
(Amersham) . The results from representative exposures are 
shown in Fig. i (non-reduced) and Fig. 2 (reduced) . 
individual lanes are marked in both figures. Specific antisera 
to all three synthetic peptides recognize the same protein 
band(s). migrating with intermediate mobility between the 60 
and 148 kDa molecular weight markers. No immunoreactive bands 
are detected with pre-immune serum in all cases. The strongest 
reactivities on Western blot were detected with the specific 
antisera to Seek-1 (Rabbit 205-A Wk 10) and Seek-3 (Rabbit 
211-A Wk 10), with antisera to Seek-2 (Rabbit 210-A Wk 10) 
producing a much weaker signal, in all cases, much stronger 
immunoreactivities were evident when the protein was 
electrophoresed under reducing conditions as compared to non- 
reducing conditions. This suggests that reducing conditions 
favor increased exposure of the antigenic epitopes on the 
otherwise denatured protein, and this was taken into 
consideration in the design of the immunoprecipitation 
experiments described below. 

A HiTrap Q chromatography fraction containing /?- 
secretase activity was divided in two parts. One of the two 
aliquots was treated with the reducing agent dithiothreitol 
(DTT) at 5 mM for 30 min at room temperature. Both the 
reduced and the untreated, control sample were diluted 10-fold 
in 20 mM Tris pH 7.5, 2 mM EDTA, 0.2% hydrogenated Triton X- 
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100. Pharmacia Protein A-Sepharose CL-4B was reconstituted by 
suspending the desiccated resin in the dilution buffer at 75 
mg/ml, and letting it stand for 3 0 min on ice. Enzyme 
aliquots (100 fil) were then mixed with 20 fil of the 
reconstituted Protein A-Sepharose and 5 „i of either preimmune 
rabbit antisera, or antisera from rabbit 205-A Wk lo', or 
rabbit 211-A Wk 4, and the mixtures incubated for 2 h at room 
temperature, with gentle end-over-end inversion. Following 
sedimentation of the Protein A-Sepharose beads (plus bound 
antibodies and antigens) by microcentrifugation of the 
incubation mixtures, 0-secretase activity was measured in the 
cleared supernatants using the MBP C125Sw assay. The results 
are graphically indicated in Fig. 3. The specific antisera 
against both peptides Seek-1 and Seek-2 immunoprecipitate 0- 
secretase activity under reducing conditions, but not under 
non-reducing conditions. These results were in agreement with 
the previous observation that optimal epitope exposure for 
both antisera require prior reduction of the protein. The 
immunoprecipitation of /3-secretase activity under the 
conditions of optimal epitope exposure with specific antisera 
raised to synthetic peptides derived from the non- denaturing 
gel -purified enzyme confirms that these unique peptide 
sequences arise from the /3-secretase polypeptide. 

In order to generate an amino- terminal protein 
sequence, it was necessary to alter the native 0-secretase by 
chemical and enzymatic modification to permit separation of 
minor impurities in the preparation, m order to achieve 
this, mild reduction, followed by alkylation and partial 
deglycosylation, was carried out as described below. No loss 
of enzymatic activity was seen with this sequence of 
treatments. The LCA-agarose flow-through fraction was 
concentrated -5-fold by lyophilization in a SpeedVac vacuum 
centrifugation apparatus. The reducing agent dithiothreitol 
(DTT) was added to the enzyme solution to a final 
concentration of 5 mM, and the preparation incubated at room 
temperature for 1 h. The carboxamidomethylation reagent 
iodoacetamide was then added to a final concentration of 10 
— , w « ~/ ~ ^iiuci ju mm inclination at room 
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temperature. The treated enzyme sample was then immediately 
desalted using a Pharmacia PD-10 column in order to exchange 
the buffer to 20 mM Tris, pH 7.5, 2 mM EDTA, 0.2% hydrogenated 
Triton X-1Q0 for the next treatment step. 

In order to achieve the removal of Asn- linked sugar 
chains, 25 mU of the deglycosylating enzyme PNGase F (Glyko) 
was added to the 0-secretase preparation. This treatment step 
was carried out overnight (16 h) at room temperature. 

After 0-secretase had thus been reduced, 
carboxamidomethylated, and (at least partially) 
deglycosylated, the treated enzyme was again subjected to 
anion-exchange chromatography on a l ml HiTrap Q column as 
described previously. Eluted fractions containing the peak of 
activity were individually concentrated by acetone 
precipitation, by combining 0.36 ml of each fraction with 1.44 
ml of ice-cold acetone, storing the mixture overnight at -40C, 
and centrifuging the samples at maximum speed on a benchtop 
Eppendorf microcentrifuge for 10 min. After removal of the 
supernatant liquid, the pellets were dried down in the 
SpeedVac vacuum centrifuge apparatus, and the precipitated 
protein pellets dissolved in Laemmli sample buffer containing 
2% /J-mercaptoethanol. The samples were analyzed by 
electrophoresis on a Novex 10-20% acrylamide Tricine gel 
system, following which the protein bands were visualized 
using Novex Colloidal Coomassie stain, using the protocol 
supplied by the manufacturer. An image of the stained gel was 
recorded using a Molecular Dynamics Personal Densitometer, m 
order to identify the protein bands corresponding to 0- 
secretase, a Western blot analysis of a similar gel run in 
parallel, but with less protein per lane, was carried out 
after transfer to PVDF membranes. The Western blot was probed 
with antisera against peptide Seek-3 from the previously 
described rabbit 2U-A wk 10. The results showed that the 
triplet of protein bands migrating immediately above the 60 
kDa MW marker was strongly immunoreactive with this previously 
characterized antisera. 

Fractions containing /3-secretase activity (#' S 21- 
25) were acetone precipitated. Pellets were dried briefly in 
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a Speed-Vac to remove residual acetone, dissolved in SDS-PAGE 
loading buffer and subjected to SDS-PAGE on a 10-20% Tris- 
Tricine gel (Novex) . The gel was transferred onto Pro-Blott 
membrane (Applied Biosystems) in CAPS buffer. After Coomassie 
blue staining, three closely spaced bands in the approximate 
molecular weight range of 65-75kDa, which coincided in 
electrophoretic mobility with the immunoreactivity described 
above, were excised for protein sequencing on an Applied 
Biosystems Model 477. Two of the bands yielded the same major 
amino-acid sequence. While the first cycle could not be 
identified positively, the next fifteen cycles were called 
with reasonable certainty. The consensus sequence obtained 



was 



[S/F/G] KNKVK GSQGQ FPLTQ XVTW [SEQ ID No.: 8] 

fl-Secret ase Inhibitor Assays 

Xt Assays utilizing purified fi- ^cretase and recombinanr 
fusion pept ide substrata 

0-secretase assays utilizing the SW-192 antibody, 
which recognizes the free . . .Val-Asn-Leu-COOH terminal 
sequence uncovered by proteolytic cleavage immediately amino- 
terminal of the 0AP sequence, were performed. Two 
recombinantly-expressed variants of APP (Figs. 5 and 6) have 
been used as substrates for 0-secretase . Both variants may be 
prepared as wild type or Swedish mutations. The preferred 
substrate (Fig. 5) was expressed in E. coli as a fusion 
protein of the carboxy terminal 125 aa of APP (APP C-125) 
fused to the carboxy- terminal end of maltose -binding protein 
(MBP) , using commercially available PMAL vectors from New 
England Biolabs. The 0-cleavage site was thus 26 amino acids 
downstream of the start of the APP C-125 region. 

Recombinant proteins were generated with both the 
wild-type APP sequence (MBP-C125 WT) at the cleavage site 
(. .Val-Lys-Met-Asp-Ala. .) [SEQ ID No.:9] or the "Swedish" 
double mutation (MBP-C125 SW) ( . . Val-Asn-Leu-Asp-Ala . . ) 
[SEQ ID No.:10]. The entire sequence of the recombinant 
protein with the Swedish sequence is given in Fig. 7 [SEQ ID 
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No.:l]. As shown in Fig. 4, cleavage of the intact MBP-fusion 
protein results in the generation of a truncated amino- 
terminal fragment, with the new SW-192 Ab-positive epitope 
uncovered at the carboxy terminus. This amino- terminal 
fragment can be recognized on Western blots with the same Ab, 
or, quantitatively, using an anti-MBP capture-biotinylated 
SW-192 reporter sandwich format, as shown in Fig. 4. 

Anti-MBP polyclonal antibodies were raised in 
rabbits (Josman Labs, Berkeley) by immunization with purified 
recombinantly expressed MBP (New England Biolabs) . Antisera 
were affinity purified on a column of immobilized MBP. 

Fusion peptides comprising the carboxy terminal 125 
amino acids of both the Swedish mutation and wild type of APP 
(designated MBP-C12S SW and MBP-C125 WT, respectively) were 
prepared f rom . transf ected E. coli induced with IPTG, 
harvested, and lysed as described in the New England Biolabs 
protocol, except that cells were sonicated in lysis buffer 
containing 150 mM sodium chloride, 50 mM Tris, pH 7.5, 5 mM 
EDTA, and 0.1% Triton X-100. The sonicated cells were 
pelleted at 10,000 x g for 10 minutes at 4°C and extracted 
overnight with 7 M urea, 10 mM Tris, pH 7.5, 5 mM EDTA, and 
0.1% Triton X-100. The extract was cleared by centrifugation 
at 10,000 x g for 10 minutes, then dialyzed overnight against 
lysis buffer. The dialyzed extract was recentrifuged as above 
and applied to a column of amylose resin ( New England 
Biolabs) . The column was washed extensively (at least 10 
column volumes) with lysis buffer, then with two column 
volumes of low salt buffer (10 mM Tris, pH 7.5, 5 mM EDTA, 
0.1% Triton X-100) , and the product was eluted with 10 mM 
maltose in low salt buffer. The purified substrates were 
stored frozen at -40°C in 3 M guanidine-HCl and 0.5 - 0.7% 
Triton X-100, at 0.5 - 1.0 mg/ml. 

Microtiter 96-well plates were coated with purified 
anti-MBP antibody (® 5-10 ng/ml) , followed by blocking with 
human serum albumin. /?-secretase solution (l-io fil) was mixed 
with MBP-C125 SW substrate (0.5 pi) in a final volume of 
50 |il, with a final buffer composition of 20 mM sodium 
acetate. pH 5.5. 0.035% - 0.05% Triton X-100. in uncoated 
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individual wells of 96 -well microtiter plates, and incubated 
at 37° C for 2 h. For inhibition screening assays, the amount 
of 0-secretase added was adjusted to give 1600-3200 ng/ml/hr 
of product. Samples were then diluted 5-fold with Specimen 
Diluent (0.2 g/1 sodium phosphate monobasic, 2. IS g/1 sodium 
phosphate dibasic, 0.5 g/1 sodium azide, 8.5 g/1 sodium 
chloride, 0.05% Triton X-405, 6 g/1 USA), further diluted 10- 
20 fold into Specimen Diluent on anti-MBP coated plates, and 
incubated for 2 h. Biotinylated SW192 antibodies were used as 
the reporter. SW192 polyclonal antibodies were biotinylated 
using NHS r biotin (Pierce), following the manufacturer's 
instruction. The biotinylated antibodies were used at about 
60-800 ng/ml, the exact concentration was optimized against 
MBP-26SW standards (see below) for each lot of antibodies 
used. Following incubation of the plates with the reporter, 
the EL ISA was developed using streptavidin- labeled alkaline 
phosphatase (Boeringer-Mannheim) and 4-methyl-umbellif eryl 
phosphate as fluorescent substrate. Plates were read in a 
Cytofluor 2350 Fluorescent Measurement System. Peptides 
containing maltose-binding protein (MBP) fused to the wild- 
type (WT) and Swedish variants (SW) of the 0AP sequence (MBP- 
26) were prepared as standards by the methods described above 
the MBP-C125 substrates, except that the MPB-26 standards were 
purified from the lysis buffer in which the E. coli had been 
sonicated. MBP-26 SW standards were used to generate a 
standard curve (Fig. 7), which allowed the conversion of 
fluorescent units into amount of product generated. 

This assay protocol was used to screen for inhibitor 
structures, using "libraries" of compounds assembled onto 96- 
well microtiter plates. Compounds were diluted to a stock 
concentration of 50 ng/ml in 250 mM sodium acetate, 5% DMSO. 
Stocks were centrifuged (1,000 Xg) for five minutes to remove 
insoluble compounds, and supernatants added to enzyme and 
substrate mixtures to a final concentration of 20 /a/ml DMSO 
in the assay format described above. The extent of product 
generated was compared with control (2% DMSO only) 0-secretase 
incubations, to calculate "% inhibition." "Hits" were defined 
as compounds which result in >35% inhibition of enzyme 
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actxvxty at test concentration. Using this system, 14 "hits" 
were identified out of the first 9944 compounds tested, a 
■hit- rate of 0.14%. Thus, the assay has been shown to be 
capable of distinguishing -non- inhibitors" (the majority of 
compounds) from "inhibitors." 

Cleavage by /3-secretase of the wild-type MBP-C125 wt 
was measured by the above procedure, with the following 
modifications: incubation at 37°c was as above, but in 
microfuge tubes and for 5 hours. Samples were then diluted 10- 
fold xn Specimen Diluent and transferred to anti-MBP coated 
plates without further dilution. The reporter antibody was ' 
biotinylated wild type specific 192, used at 700 ng/ml 
Recombinant wild type MBP-C26 was used to generate a standard 
curve for conversion of fluorescent units into amount of 
product (Fig. 9) . Varying the amount of /J-secretase solution 
resulted in a corresponding increase in product (Fig. 9 ) with 
optxmum levels around 6 M l per 50 M l of reaction solution. 

2 ' Assays Utilizing Partially Purify f -c~ cret ._ aBP an „ 
Svnthet-i^ m .iopeptiHe Subst-rat-^a 

/3-secretase activity was also measured by incubating 
the partially purified /J-secretase preparations with synthetic 
olxgopeptides comprising the cleavage site in APP The 
cleavage products could have been detected by any of several 
techniques, including but not limited to use of fluorescent or 
chromogenic tags on the N- or C- termini, measurement of f ree 
N- or C- termxni, or antibody reaction with the cleaved 
peptides, m the following example, the cleavage products 
were detected using high performance liquid chromatography 
(HPLC) . The following peptides were employed: 

ADRGL TTRPG SGLTN IKTEE ISEVN LDAEF RHDSG YEVHH 
QK(26-16'SW) [SEQ ID No.:ll] 

GSGLT NIKTE EISEV NLDAE FRHDS GYEVH HQK (17-16 • SW) 
[SEQ ID No. :12] 



WO 96/40885 PCT/US96/09985 



10 



45 

ADRGL TTRPG SGLTN IKTEE ISEVN LDAEF (26-4 ' SW) 
tSEQ. ID No. :13] 

SEVNL DAEFR HDSGY EVHHQ K(5-16'SW> [SEQ ID No.:14] 

N-AcetylSEVNL DAEFR (5-5'SW) [SEQ ID No.:15] 

Peptides were prepared by automated solid phase 
synthesis. The 26-4'SW, 5-16'SW, and 5-5'SW peptides were 
synthesized with t-BOC chemistry, while the 26 -16 ' SW and 17- 
16' SW peptides were synthesized by FMOC chemistry. All 
peptides were purified by reverse-phase HPLC before use, using 
a 10-50% acetonitrile gradient, at 0 . 33%/minute, in 0.1% TFA 
on a C4 column. The peptide substrate was incubated at 0.3 - 
15 0.35 mg/ml with /3-secretase , prepared as described above 
through the gel exclusion chromatography step. The 0- 
secretase- containing gel exclusion fraction was diluted four- 
fold in a final assay volume of 250 fil, with a final buffer 
composition of 100 mM sodium acetate, pH 5.5, and 0.05% 
20 reduced Triton X-100. The samples are incubated at 37°C for 

overnight (18-20 hours) for peptides 26-16'SW, 26-4'SW, or 17- 
16' SW, or 70-80 hours for 5-16'SW or 5-5'SW. Following 
incubation, trif luoroacetic acid was added to a final 
concentration of 1.0 %. The samples were analyzed by HPLC. 
25 26-16'SW, 17-16 'SW, or 5-16'SW digests were analyzed on a 
Vydac C4 column (4.4 mm x 250 mm, 300 A pore size, bead 
size) using a gradient of 4.5% acetonitrile for 5 minutes, 
followed by 4.5-22.5% acetonitrile in 40 minutes, 22.5-31.5% 
in 5 minutes, and 31.5-90% in 10 minutes. 26-4'SW and 5-5'SW 
30 digests were analyzed on a Vydac C18 column (4.4 mm x 250 mm, 
300 A pore size, 5 /i bead size) using a gradient of l.B% 
acetonitrile for 5 minutes, followed by 1.8-10.8% acetonitrile 
in 20 minutes, 10.8-18% in 24 minutes, 18-36% in 36 minutes, 
and 36-90% in 15 minutes. Typical separations of digests of 
35 the peptides are shown in Figs. 10A-10E. Product peptides 

were identified in selected digests by amino acid analysis and 
mass spectroscopy. In addition, the C- terminal Leu/Asp 
cleavage product ( DAEFRKDSGYEVKHQK i I SEQ ID No.: 16] was 
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confirmed by comparison with the synthetic peptide. Cleavage 
yields were guantitated by measurement of the intensity or 
area of the N- terminal (26-4 'SW) or C-terminal (all other 
peptides) product peptide peak. Standard curves using 
synthetic DAEFRHDSGYEVHHQK [SEQ ID No.: 16] showed that the 
HPLC assay was linear and reproducible (Fig. 10F) . When 
serial gel exclusion fractions from a 0-secretase preparation 
were analyzed by this method, the results were proportional to 
the £-secretase activity as determined by ELISA (Figs. 11A- 
11C) , confirming that the same activity is being measured, 
quantitatively, in both assays. The 17-16'SW peptide is the 
preferred substrate, since it gave the highest product signal. 
Fig. 12 shows the results of assays using the 17-16'SW peptide 
and including two candidate inhibitors (Congo Red and an 
15 inactive compound which was also inactive by the ELISA assay) , 
showing that this assay can be used as an alternate screen for 
inhibitors, or to verify inhibitors identified in other 
assays . 

20 3. Assays Utilizing Transfected Cell Membranes 

Generation of /?-secretase cleaved APP fragments from 
the endogenous full length APP protein was observed using the 
192SW antibody (described above) in membranes from 293 cells 

25 transfected with the Swedish variant of APP (293SWE cells) . 
APP fragments may be measured by immunoprecipitation or by 
immunoblotting. The latter technique is preferred for reasons 
of convenience. Confirmation that the cleavage activity 
results from 0-secretase was as follows: 

30 1) Both activities were highly selective, generating a single 
N-terminal product identifiable on immunoblots with the 192SW 
antibody (see below) . 

2) Both activities were membrane -bound. 

3) The membrane activity was resistant to the standard 
35 protease inhibitors listed in Table 3 above. 

A semiquantitative assay for the detecting in situ 
0-secretase cleavage of APP in membranes was developed used to 
directly identify 0-secretase inhibitors. The membrane assay 
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is useful as a primary screen or as a secondary assay to 
confirm inhibiting activity of potential inhibitors identified 
in the assays described above. 

Cell membrane assays were run as follows. 293SW 
cells, were grown in medium containing 90% Dulbecco's MEM, 10% 
heat inactivated fetal bovine serum, 25 mM HEPES, l mM 
pyruvate, 2 mM glutamine, and 0.4 mg/ml geneticin, by standard 
procedures (see e.g. R. I . Freshney (1987) Animal Cell 
Culture: A Manual of Basic Technique (2nd Edition) Alan R. 
Liss, Inc. New York, NY) . The cells were harvested by rinsing 
once with phosphate -buffered saline (PBS) , then incubating 5 
minutes with PBS containing 2 mM EDTA, with gentle agitation. 
All further steps were done at 4 °C or on ice, except where 
noted. Cells were pelleted by centrifugation for 5* minutes at 
800 x g, then twice resuspended in PBS and repelleted. The 
cell pellet was homogenized in 5 volumes of homogenization 
buffer (20 mM HEPES, pH 7.5, 2 mM EDTA, 250 mM sucrose, 1 tnM 
PMSF, 5 /xg/ml dichloroisocoumarin, l ^g/ml pepstatin A, and 5 
lig/ml E-64). The homogenate was centrifuged 10 minutes at 800 
x g. The supernate was saved, while the pellet was resuspended ' 
in another 5 volumes of homogenization buffer and 
recentrifuged. The resulting supernate was pooled with the 
previous one, aliquoted into 1.0 ml portions, and respun at 
16,000 x g for 20 minutes. The pellets (P2) were stored at - 



40°C 



Measurement of in situ /J-secretase activity was 
facilitated by extracting the endogenous 0-secretase cleaved 
APP with saponin. P2 pellets were extracted in 1.0 ml of 
resuspension buffer (20 mM Tris, pH 7.5, 2 mM EDTA, 1.0 mM 
PMSF, 5 (ig/ml dichloroisocoumarin, 1 ^g/ml pepstatin A, and 5 
(ig/ml E-64) with 0.02% saponin for 30 minutes, pelleted at 
16,000 x g for 20 minutes, then resuspended by vortexing in 
the above resuspension buffer, without saponin. 

For 0-eecretase inhibition assays, 10 ftl of the test 
compound of interest at 5 times its desired final 
concentration, in 500 mM sodium acetate, pH 5.5, and 20 % 
DMSO, was added to 4 0 ^1 of the extracted P2 suspension. 
Samples were incubated at 3 7C for 4 hours before stopping the 
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reaction with 17 pi of concentrated loading buffer (30% 
glycerol, 12% sodium dodecyl sulfate, 400 mM Tris, pH 6 7 40 
mM EDTA, 400 mM dithiothreitol, 0.4 mg/ml Bromophenol Blue) 
Samples were boiled and electrophoresed on 10-20% acrylamide 
Tricine gels (Novex) and transferred to Immobilon membranes 
(Millipore) . Membranes were blocked in NCS-TBS (10% newborn 
calf serum, 150 mM sodium chloride, 50 mM Tris, pH 7.5) an d 
analyzed using 192SW, 0.5 jig/ml in NCS-TBS, as primary ' 
antibody, horseradish peroxidase-linked anti-rabbit IgG 
(Amersham) diluted 1:3000 in NCS-TBS as secondary antibody, 
and ECL reagent (Amersham) as chemilumenescent developer. The 
192SW-reactive bands identified by autoradiography were 
quantitated by densitometry. 

As shown in the autoradiograms in Fig. 13, two 
product bands were identified on immunoblots. The lower and 
upper bands correspond to cleavage products of the immature 
core-glycosylated form and the mature, Golgi -processed, fully 
glycosylated form of APP, respectively, as shown by their 
mobilities on electrophoresis and differential sensitivity to 
neuraminidase and O-glycanase. As shown by the quantitation 
normalized to the unincubated, unextracted P2 membranes used 
as standards (Fig. 14) , signal was initially low, and steadily 
increased with incubation. Further experiments, such as that 
shown in Fig. 15, showed a slight increase in signal with 
further incubation. Fig. ig shows the concentration 
dependence of inhibition by three putative inhibitors 
identified in the ELISA assay. Congo Red and compound 31766 
(Fig. 17) were much more potent than an inactive compound in 
both the ELISA and the in situ assays. 

Although the foregoing invention has been described 
in some detail by way of illustration and example, for 
purposes of clarity of understanding, it will be obvious that 
certain changes and modifications may be practiced within the 
scope of the appended claims. 
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(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1521 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 



ATGAAAACTG 


AAGAAGGTAA 


ACTGGTAATC 


TGGATTAACG 


GCGATAAAGG 


CTATAACGGT 


60 


CTCGCTGAAG 


TCGGTAAGAA 


ATTCGAGAAA GATACCGGAA TTAAAGTCAC 


CGTTGAGCAT 


120 


CCGGATAAAC 


TGGAAGAGAA 


ATTCCCACAG 


GTTGCGGCAA 


CTGGCGATGG 


CCCTGACATT 


180 


ATCTTCTGGG 


CACACGACCG 


CTTTGGTGGC 


TACGCTCAAT 


CTGGCCTGTT 


GGCTGAAATC 


240 


ACCCCGGACA 


AAGCGTTCCA 


GGACAAGCTG 


TATCCGTTTA 


CCTGGGATGC 


CGTACGTTAC 


300 


AACGGCAAGC 


TGATTGCTTA 


CCCGATCGCT 


GTTGAAGCGT 


TATCGCTGAT 


TTATAACAAA 


360 


GATCTGCTGC 


CGAACCCGCC 


AAAAACCTGG 


GAAGAGATCC 


CGGCGCTGGA 


TAAAGAACTG 


420 


AAAGCGAAAG 


GTAAGAGCGC 


GCTGATGTTC 


AACCTGCAAG 


AACCGTACTT 


CACCTGGCCG 


480 


CTGATTGCTG 


CTGACGGGGG 


TTATGCGTTC 


AAGTATGAAA 


ACGGCAAGTA 


CGACATTAAA 


540 


GACGTGGGCG 


TGGATAACGC 


TGGCGCGAAA 


GCGGGTCTGA 


CCTTCCTGGT 


TGACCTGATT 


600 


AAAAACAAAC 


ACATGAATGC 


AGACACCGAT 


TACTCCATCG 


CAGAAGCTGC 


CTTTAATAAA 


660 


GGCGAAACAG 


CGATGACCAT 


CAACGGCCCG 


TGGGCATGGT 


CCAACATCGA 


CACCAGCAAA 


720 


GTGAATTATG 


GTGTAACGGT 


ACTGCCGACC 


TTCAAGGGTC AACCATCCAA 


ACCGTTCGTT 


780 


GGCGTGCTGA 


GCGCAGGTAT 


TAACGCCGCC AGTCCGAACA AAGAGCTGGC 


GAAAGAGTTC 


840 


CTCGAAAACT 


ATCTGCTGAC 


TGATGAAGGT 


CTGGAAGCGG 


TTAATAAAGA 


CAAACCGCTG 


900 


GGTGCCGTAG 


CGCTGAAGTC 


TTACGAGGAA GAGTTGGCGA AAGATCCACG 


TATTGCCGCC 


960 


ACCATGGAAA 


ACGCCCAGAA 


AGGTGAAATC ATGCCGAACA TCCCGCAGAT 


GTCCGCTTTC 


1020 


TGGTATGCCG 


TGCGTACTGC 


GGTGATCAAC 


GCCGCCAGCG 


GTCGTCAGAC 


TGTCGATGAA 


1080 


GCCCTGAAAG 


ACGCGCAGAC 


TAATTCGAGC 


TCGGTACCCG 


GCCGGGGATC 


CATCGAGGGT 


1140 
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AGGGCCGACC GAGGACTGAC CACTCGACCA GGTTCTGGGT TGACAAATAT CAAGACGGAG 1200 

GAGATCTCTG AAGTGAATCT GGATGCAGAA TTCCGACATG ACTCAGGATA TGAAGTTCAT 1260 

CATCAAAAAT TGGTGTTCTT TGCAGAAGAT GTGGGTTCAA ACAAAGGTGC AATCATTGGA 1320 

CTCATGGTGG GCGGTGTTGT CATAGCGACA GTGATCGTCA TCACCTTGGT GATGCTGAAG 1380 

AAGAAACAGT ACACATCCAT TCATCATGGT GTGGTGGAGG TTGACGCCGC TGTCACCCCA 1440 

GAGGAGCGCC ACCTGTCCAA GATGCAGCAG AACGGCTACG AAAATCCAAC CTACAAGTTC 1500 

TTTGAGCAGA TGCAGAACTA G 1521 



WO 96/40885 



PCT/US96/09985 



52 



INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

Ala Tyr Leu Thr Val Leu Gly Val Pro Glu Lys Pro Gin lie Ser Gly 
1 5 10 15 



Phe Ser Arg 
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INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

lie lie Pro Ser Thr Pro Phe Pro Gin Glu Cys Gin Pro Leu lie Leu 
5 10 15 



Thr Cys Glu Arg 
20 
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INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 

Gly Lys Pro Leu Pro Glu Pro Val Leu Trp Thr Lys 
1 5 io 
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INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME/KEY: Region 

(B) LOCATION: one-of(15) 

(D) OTHER INFORMATION: /note- "C- terminal Gin i 
amidated. " 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Cys Gly Gly Tyr Leu Thr Val Leu Gly Val Pro Glu Lys Gin Pro 
1 5 10 15 
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INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME /KEY : Region 

(B) LOCATION: one-of(l) 

(D) OTHER INFORMATION: /note- "N-terminal Asn i 
acetylated. « 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Asn His He He Pro Ser Thr Pro Phe Pro Gin Glu Gly Gin Pro Leu 
15 10 is 

He Leu Thr Cys 
20 
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INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 14 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME/KEY: Region 

(B) LOCATION: one-of(14) 

(D) OTHER INFORMATION: /note- "C- terminal Lys is 
amidated. " 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Cys Gly Gly Lys Pro Leu Pro Glu Pro Val Leu Trp Thr Lvs 
1 5 10 
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INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Val Lys Met Asp Ala 
1 5 
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INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Val Asn Leu Asp Ala 
1 5 
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INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 amino acids 
<B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

Ala Asp Arg Gly Leu Thr Thr Arg Pro Gly Ser Gly Leu Thr Asn He 
1 5 10 15 

Lys Thr Glu Glu He Ser Glu Val Asn Leu Asp Ala Glu Phe Arq His 
20 25 30 

Asp Ser Gly Tyr Glu Val His His Gin Lys 
35 40 
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INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 33 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

Gly Ser Gly Leu Thr Asn He Lys Thr Glu Glu He Ser Glu Val Asn 
15 10 15 

Leu Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val His His Gin 
20 25 30 

Lys 



WO 96/40885 



PCTAJS96/09985 



63 



INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 amino acids 
<B) TYPE: amino acid 
<C) STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13; 



Ala Asp Arg Gly Leu Thr Thr Arg Pro Gly Ser Gly Leu Thr Asn He 
1 5 10 15 

Lys Thr Glu Glu He Ser Glu Val Asn Leu Asp Ala Glu Phe 
20 25 30 
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INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

Ser Glu Val Asn Leu Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu 
15 10 is 

Val His His Gin Lys 
20 



WO 96/40885 



PCT/US96/09985 



65 



INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : peptide 



(ix) FEATURE: 

(A) NAME/KEY: Region 

(B) LOCATION: one-of(l) 

(D) OTHER INFORMATION: /note= °N- terminal Ser is acetylated. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

Ser Glu Val Asn Leu Asp Ala Glu Phe Arg 
15 10 
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INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

Asp Ala Glu Phe Arg His Asp Ser Gin Tyr Glu Val His His Gin Lys 
1 5 10 15 
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(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 506 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

Met Lys Thr Glu Glu Gly Lys Leu Val lie Trp lie Asm Gly Asp Lys 
1 5 10 if 

Gly Tyr Asn Gly Leu Ala Glu Val Gly Lys Lys Phe Glu Lys Asp Thr 
20 25 |o 

Gly lie Lys Val Thr Val Glu His Pro Asp Lys Leu Glu Glu Lys Phe 
35 40 45 

Pro Gin Val Ala Ala Thr Gly Asp Gly Pro Asp lie He Phe Trp Ala 

His Asp Arg Phe Gly Gly Tyr Ala Gin Ser Gly Leu Leu Ala Glu lie 

70 75 80 

Thr Pro Asp Lys Ala Phe Gin Asp Lys Leu Tyr Pro Phe Thr Trp Asp 
85 90 s% 

Ala Val Arg Tyr Asn Gly Lys Leu lie Ala Tyr Pro lie Ala Val Glu 
100 105 HO 

Ala Leu Ser Leu lie Tyr Asn Lys Asp Leu Leu Pro Asn Pro Pro Lys 
115 120 125 

Thr Trp Glu Glu lie Pro Ala Leu Asp Lys Glu Leu Lys Ala Lys Gly 

135 14 0 

Lys Ser Ala Leu Met Phe Asn Leu Gin Glu Pro Tyr Phe Thr Trp Pro 

150 155 160 

Leu lie Ala Ala Asp Gly Gly Tyr Ala Phe Lys Tyr Glu Asn Gly Lys 
l fi 5 170 175 ' 

Tyr Asp He Lys Asp Val Gly Val Asp Asn Ala Gly Ala Lys Ala Gly 

Leu Thr Phe Leu Val Asp Leu lie Lys Asn Lys His Met Asn Ala Asp 

135 200 205 

Thr Asp Tyr Ser lie Ala Glu Ala Ala Phe Asn Lys Gly Glu Thr Ala 

215 220 
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Met Thr He Asn Gly Pro Trp Ala Trp Ser Asn He Asp Thr Ser Lys 
225 2 30 235 240 

Val Asn Tyr Gly Val Thr Val Leu Pro Thr Phe Lys Gly Gin Pro Ser 
245 250 255 

Lys Pro Phe Val Gly Val Leu Ser Ala Gly He Asn Ala Ala Ser Pro 
260 265 270 

Asn Lys Glu Leu Ala Lys Glu Phe Leu Glu Asn Tyr Leu Leu Thr Asp 
275 280 285 

Glu Gly Leu Glu Ala Val Asn Lys Asp Lys Pro Leu Gly Ala Val Ala 
2 90 295 300 

Leu Lys Ser Tyr Glu Glu Glu Leu Ala Lys Asp Pro Arg He Ala Ala 
305 310 315 320 

Thr Met Glu Asn Ala Gin Lys Gly Glu He Met Pro Asn He Pro Gin 
3" 330 335 

Met Ser Ala Phe Trp Tyr Ala Val Arg Thr Ala Val He Asn Ala Ala 
340 345 350 

Ser Gly Arg Gin Thr Val Asp Glu Ala Leu Lys Asp Ala Gin Thr Asn 
355 360 365 



Ser Ser Ser Val Pro Gly Arg Gly Ser He Glu Gly Arg Ala Asp Arg 
370 375 380 

Gly Leu Thr Thr Arg Pro Gly Ser Gly Leu Thr Asn He Lys Thr Glu 



390 



395 



400 



Glu He Ser Glu Val Asn Leu Asp Ala Glu Phe Arg His Asp Ser Gly 
405 410 415 

Tyr Glu Val His His Gin Lys Leu Val Phe Phe Ala Glu Asp Val Glv 
420 425 430 

Ser Asn Lys Gly Ala He He Gly Leu Met Val Gly Gly Val Val He 
435 440 445 

Ala Thr Val He Val He Thr Leu Val Met Leu Lys Lys Lys Gin Tyr 
450 455 460 

Thr Ser He His His Gly Val Val Glu Val Asp Ala Ala Val Thr Pro 



470 



475 



480 



Glu Glu Arg His Leu Ser Lys Met Gin Gin Asn Gly Tyr Glu Asn Pro 
485 490 49 5 

Thr Tyr Lys Phe Phe Glu Gin Met Gin Asn 
500 505 
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WHAT IS CLAIMED t 

1 1. A composition of matter comprising an isolated 

2 and purified enzyme which specifically cleaves /S-amyloid 

3 precursor protein at the 0-amyloid peptide cleavage location. 

1 2. A composition of matter comprising 0-secretase, 

2 wherein the composition has a 0-secretase activity which is at 

3 least five -fold greater than that of a solubilized but 

4 unenriched membrane fraction from human 293 cells. 

1 3. A composition of matter as in claim 2, wherein 

2 the 0-secretase activity is at least about 100-fold greater 

3 than that of a solubilized but unenriched membrane fraction 

4 from human 293 cells. 

1 4. A composition of matter comprising at least 10% 

2 by weight of an enzyme capable of cleaving 0-amyloid precursor 

3 protein at the 0-amyloid peptide cleavage location and having 

4 the following charact eristics: 

5 (a) an apparent molecular weight in the range from 

6 260 kD to 300 kD measured by gel exclusion 
^ chromatography ; 

8 (b) a net negative charge at pH 5 and a net 

9 negative charge at pH 7.5; and 

10 < c > binds to wheat germ agglutinin with partial 

11 binding to other lectins as set forth in Table 

12 2. 



1 5. A composition of matter comprising at least 10% 

2 by weight of an enzyme capable of cleaving ^-amyloid precursor 

3 protein at the 0-amyloid peptide cleavage location and 

4 reactive with antibodies raised against any one of the 

5 peptides of [SEQ ID No.:9, SEQ ID No.:10, and SEQ ID No. : 11] . 

1 6. A composition of matter as in claim 5, wherein 

2 the enzyme is reactive with antibodies raised against at least 

3 two of the peptides. 
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1 7. A composition of matter as in claim 6, wherein 

2 the enzyme is reactive with antibodies raised against all 

3 three of the peptides, 

1 8. A composition of matter as in claim 5, wherein 

2 the enzyme has an apparent molecular weight between 60 JcD and 

3 148 JcD when determined by electrophoresis. 

1 9. An antibody that specifically binds native p- 

2 secretase protein. 

1 10. The antibody of claim 9 that is a polyclonal 

2 antibody. 

1 11. The antibody of claim 9 that is a monoclonal 

2 antibody. 

1 12. The antibody of claim 9 that is a humanized 

2 antibody. 

1 13. The antibody of claim 9 that is an antibody 

2 fragment . 

1 14. A method for detecting jS-secretase cleavage of 

2 a polypeptide substrate, said method comprising: 

3 providing a reaction system including 0-secretase 

4 and the polypeptide substrate present in initial amounts; 

5 maintaining the reaction system under conditions 

6 which permit 0-secretase cleavage of the polypeptide substrate 

7 into cleavage products; and 

8 detecting the amount of at least one of the 0- 

1 secretase cleavage products produced as a result of $- 

2 secretase cleavage of the substrate. 

1 15. A method as in claim 14, further comprising 

2 introducing a test compound to the reaction system and 

3 determining whether the test compound affects the amount of 0- 

4 secretase cleavage product (s) produced. 
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1 16. A method as in claim 14, wherein the 0- 

2 secretase and the polypeptide substrate are obtained 

3 separately and admixed into the reaction mixture. 

1 17. A method as in claim 16, wherein the 0- 

2 secretase is selected from the group consisting of (l) 0- 

3 secretase at least partially purified from a cellular source 

4 and (2) recombinant )9- secretase. 

1 18. A method as in claim 16, wherein the 

2 polypeptide substrate is selected from the group consisting of 
(1) 0-amyloid precursor protein (APP) at least partially 
purified from a cellular source, (2) recombinant polypeptide 
comprising the 0-secretase cleavage site of APP, and (3) 
synthetic polypeptide comprising the 0-secretase cleavage site 

7 of APP. 



1 19. A method as in claim 14, wherein the reaction 

2 system comprises native 0- secretase and native 0-amyloid 

3 precursor protein (APP) at least partially isolated from a 

4 single cellular source. 



20. A method as in claim 19, wherein the 0- 
secretase and APP are extracted from cell membranes. 

21. A method as in claim 14, wherein the cleavage 
products include an amino-terminal fragment and a carboxy- 
terminal fragment and wherein the cleavage product is detected 
by observing binding between the fragment and a binding 
substance specific for the carboxy end of the amino-terminal 
fragment or the amino end of the carboxy-terminal fragment. 

22. A method as in claim 19, wherein the generation 
of the fragment is detected in a gel which separates fragments 
based upon size and/or electrophoretic mobility. 
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23. A method for determining whether a test 
substance inhibits proteolytic cleavage of /3-amyloid precursor 
protein (0-APP) , said method comprising: 

exposing a substrate polypeptide comprising the 
0-eecretase site of APP to an at least partially purified 
/J-secretase polypeptide in the presence of the test substance 
under conditions such that the 0-secretase polypeptide would 
cleave the polypeptide substrate into an amino- terminal 
fragment and a carboxy- terminal fragment in the absence of a 
substance which inhibits such cleavage; and 

detecting cleavage of the polypeptide at the 
/3-secretase site. 

24. A method as in claim 23, wherein the at least 
partially purified /3-secretase polypeptide which is in the 
presence of the substrate polypeptide and test substance has 
an activity which is at least ten-fold greater than that of a 
solubilized but unenriched membrane fraction from human 293 
cells. 

25. A method as in claim 23, wherein cleavage of 
the polypeptide is determined by detecting the generation of 
at least one of the amino-terminal fragment and the carboxy- 
terminal fragment. 



26. A method as in claim 25, wherein the generation 
of the fragment is detected by observing binding between the 
fragment and a binding substance specific for the carboxy end 
of the amino-terminal fragment or the amino end of the 
carboxy- terminal fragment. 

27. A method as in claim 25, wherein the generation 
of the fragment is detected in a gel which separates fragments 
based upon size and/or electrophoretic mobility. 

28. A method as in claim 25, wherein the 
polypeptide comprises a sequence including the 125 carboxy- 
terminal amino acids of /3-APP. 
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1 29. A method as in claim 28, wherein the substrate 

2 polypeptide is a fusion polypeptide comprising an amino- 

3 terminal portion having a binding epitope and a carboxy- 

4 terminal portion having the 0-secretase site. 

1 30. A method as in claim 29, wherein cleavage of 

2 the substrate polypeptide is detected by capture of the amino- 

3 terminal portion of the fusion polypeptide and detection of 

4 the carboxy end of the amino- terminal portion, wherein said 

5 carboxy end is detected by observing binding to a binding 

6 substance specific for said carboxy end. 

1 31. A method. for determining whether a test 

2 substance inhibits proteolytic cleavage of 0-amyloid precursor 

3 protein (0-APP) , said method comprising: 

4 exposing a substrate polypeptide comprising the 

5 jS-secretase site of APP to an at least partially purified 

6 0-secretase polypeptide in the presence of the test substance 

7 under conditions such that the 0-secretase polypeptide would 

8 cleave the polypeptide substrate between a Met -Asp or a Leu- 

9 Asp cleavage site into an amino- terminal fragment and a 

10 carboxy-terminal fragment in the absence of a substance which 

11 inhibits such cleavage; and 

12 detecting cleavage of the polypeptide at the 

13 0-secretase site. 

1 32. A method as in claim 31, wherein the at least 

2 partially purified 0-secretase polypeptide which is in the 

3 presence of the substrate polypeptide and test substance has 

4 an activity which is at least five-fold greater than that of a 

5 solubilized but unenriched membrane fraction from human 293 

6 cells. 

1 33. A method as in claim 31, wherein cleavage of 

2 the polypeptide is determined by detecting the generation of 

3 at least one of the amino-terminal fragment and the carboxy- 

4 terminal fragment. 
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34. A method as in claim 33, wherein the generation 
of the fragment is detected by observing binding between the 
fragment and a binding substance specific for the carboxy end 
of the amino-terminal fragment or the amino end of the 
carboxy- terminal fragment . 

35. A method as in claim 33, wherein the generation 
of the fragment is detected in a gel which separates fragments 
based upon size and/or electrophoretic mobility. 

36. A method as in claim 31, wherein the 
polypeptide comprises a sequence including the 125 carboxy- 
terminal amino acids of /?-APP. 

37. A method as in claim 36, wherein the substrate 
polypeptide is a fusion polypeptide comprising an amino- 
terminal portion having a binding epitope and a carboxy- 
terminal portion having the j£?-secretase site. 

38. A method as in claim 37, wherein cleavage of 
the substrate polypeptide is detected by capture of the amino- 
terminal portion of the fusion polypeptide and detection of 
the carboxy end of the amino-terminal portion, wherein said 
carboxy end is detected by observing binding to a binding 
substance specific for said carboxy end. 

39. A method as in claim 31, wherein the 0- 
secretase cleaves between amino acid residues 596 and 597 in 
the 695-isomer of 0APP. 

40. A method for inhibiting the cleavage of 0- 
amyloid precursor protein in cells, said method comprising 
administering to the cells an amount of a compound effective 
to at least partially inhibit 0-secretase activity. 
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41. A method for inhibiting the cleavage of 0- 
amyloid precursor protein in a mammalian host, said method 
comprising administering to the host an amount of a compound 
effective to at least partially inhibit £-secretase activity. 
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1 ATGAAAACTGAAGAAGGTAAACTGGTAATCTGGATTAACGGCGATAAAGGC 
1 MetLysThrGluGluGlyLysLeuVallleTrpIleAsnGlyAspLysGly 

52 TATAACGGTCTCGCTGAAGTCGGTAAGAAATTCGAGAAAGATACCGGAATT 
18 TyrAsnGlyLewAlaGluValGlyLysLysPheGluLysAspThrGlylle 

103 AAAGTCACCGTTGAGCATCCGGATAAACTGGAAGAGAAATTCCCACAGGTT 
35 LysValThrValGluHisProAspLysLeuGluGluLysPheProGlnVal 

154 GCGGCAACTGGCGATGGCCCTGACATTATCTTCTGGGCACACGACCGCTTT 
52 AlaAlaThrGlyAspGlyProAspIlellePheTrpAlaHisAspArgPhe 

205 GGTGGCTACGCTCAATCTGGCCTGTTGGCTGAAATCACCCCGGACAAAGCG 
69 GlyGlyTyrAlaGlnSerGlyLewLewAlaGluIleThrProAspLysAla 

256 TTCCAGGACAAGCTGTATCCGTTTACCTGGGATGCCGTACGTTACAACGGC 
8 6 PheGlnAspLy sLeuTy rProTheThrTrpAspAlaValArgTyrAsnGly 

307 AAGCTGATTGCTTACCCGATCGCTGTTGAAGCGTTATCGCTGATTTATAAC 
103 LysLeuIleAlaTyrProIleAlaValGluAlaLeuSerLeuIleTyrAsn 

358 AAAGATCTGCTGCCGAACCCGCCAAAAACCTGGGAAGAGATCCCGGCGCTG 
120 LysAspLewLewProAsnProProLysThrTrpGluGluIleProAlaLeu 

409 GATAAAGAACTGAAAGCGAAAGGTAAGAGCGCGCTGATGTTCAACCTGCAA 
137 AspLysGluLeuLysAlaLysGlyLysSerAlaLeuMetPheAsnLeuGln 

4 60 GAACCGTACTTCACCTGGCCGCTGATTGCTGCTGACGGGGGTTATGCGTTC 
154 GluProTyrPheThrTrpProLeuIleAlaAlaAspGlyGlyTyrAlaPhe 

511 AAGTATGAAAACGGCAAGTACGACATTAAAGACGTGGGCGTGGATAACGCT 
171 LysTyrGluAsnGlyLysTyrAspIleLysAspValGlyValAspAsnAla 

562 GGCGCGAAAGCGGGTCTGACCTTCCTGGTTGACCTGATTAAAAACAAACAC 
188 GlyAlaLysAlaGlyLewThrPheLeuValAspLeuIleLysAsnLysHis 

613 ATGAATGCAGACACCGATTACTCCATCGCAGAAGCTGCCTTTAATAAAGGC 
205 MetAsnAlaAspThrAspTyrSerlleAlaGluAlaAlaPheAsnLysGly 

664 GAAACAGCGATGACCATCAACGGCCCGTGGGCATGGTCCAACATCGACACC 
222 GluThrAlaMetThrlleAsnGlyProTrpAlaTrcSerAsnlleAspThr 

FIG. 6-1 
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715 AGCAAAGTGAATTATGGTGTAACGGTACTGCCGACCTTCAAGGGTCAACCA 
239 SerLysValAsnTyrGlyValThrValLeuProThrPheLysGlyGlnPro 

7 66 TCCAAACCGTTCGTTGGCGTGCTGAGCGCAGGTATTAACGCCGCCAGTCCG 
256 SerLysProPheValGlyValLeuSerAlaGlylleAsnAlaAlaSerPro 

817 AACAAAGAGCTGGCGAAAGAGTTCCTCGAAAACTATCTGCTGACTGATGAA 
27 3 AsnLysGluLeuAlaLysGluPheLeuGluAsnTyrLeuLeuThrAspGlu 

868 GGTCTGGAAGCGGTTAATAAAGACAAACCGCTGGGTGCCGTAGCGCTGAAG 
290 GlyLeuGluAlaValAsnLysAspLysProLeuGlyAlaValAlaLeuLys 

919 TCTTACGAGGAAGAGTTGGCGAAAGATCCACGTATTGCCGCCACCATGGAA 
307 SerTyrGluGluGluLewAlaLysAspProArglleAlaAlaThrMetGlu 

970 AACGCCCAGAAAGGTGAAATCATGCCGAACATCCCGCAGATGTCCGCTTTC 
324 AsnAlaGlnLysGlyGluIleMetProAsnlleProGlnMetSerAlaPhe 

1021 TGGTATGCCGTGCGTACTGCGGTGATCAACGCCGCCAGCGGTCGTCAGACT 
341 TrpTyrAlaValArgThrAlaVallleAsnAlaAlaSerGlyArgGlnThr 

1072 GTCGATGAAGCCCTGAAAGACGCGCAGACTAATTCGAGCTCGGTACCCGGC 
358 ValAspGluAlaLeuLysAspAlaGlnThrAsnSerSerSerValProGly 

1123 CGGGG ATCCATCGAGGGTAGGGCCGACCGAGGACTGACCACTCGACCAGGT 
375 AraGlvSerlleGluGlvAraAlaAsDAraGlvL euThrThrAraPrnGly 

1174 TCTGGGTTGACAAATATCAAGACGGAGGAGATCTCTGAAGTGAATCTGGAT 
392 SerGlvLeuThrAsnlleLvsThrGluGluTlPfi erGluVal AsnLfttiAsp 

1225 GCAGAATTCCGACATGACTCAGGATATGAAGTTCATCATCAAAAATTGGTG 
409 AlaGltiPheAraHisAspSerGlvTvrGluValHisHisGlnT.YRT^^Vffi 

127 6 TTCTTTGCAGAAGATGTGGGTTCAAACAAAGGTGCAATCATTGGACTCATG 
426 PhePheAlaGluAspValGlvSerAsnLvsGlvAlaTleTlpfi lvLfiiiM^i-. 

1327 GTGGGCGGTGTTGTCATAGCGACAGTGATCGTCATCACCTTGGTGATGCTG 
443 ValGlvGlvValValTleAlaThrValTleValTlPTh rT^nVal^oi-Tr^i 

1378 AAGAAGAAACAGTACACATCCATTCATCATGGTGTGGTGGAGGTTGACGCC 
460 LysLysLy5sGlnTyrThrSerIl**HisHisGlvValVa1f;ii;Vai ^na^ 

FIG. 6-2 
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1429 GCTGTCACCCCAGAGGAGCGCCACCTGTCCAAGATGCAGCAGAACGGCTAC 
477 AlaValThrProGluGluAraHlsLenSBrT.vaMPl-m nfllnAanfilYTYr 

1480 GAAAATCCAACCTACAAGTTCTTTGAGCAGATGCAGAACTAG 
494 GluAsnPrnThrTvrT.vsPhftPhPfilnfl lnMftt.fllnAsn. . 

FIG . 6-3 
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(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME/KEY: Region 

(B) LOCATION: one-of(l) 

(D) OTHER INFORMATION: /note» "Xaa is Ser, Phe or Gly. - 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 



Lys Asn Lys Val Lys Gly Ser Gin Gly Gin Phe Pro Leu Thr Gin 



5 



10 



15 



Xaa 



Val Thr Val Val 

-A 



